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I N T R O D U C T I O N

The role of co l lo ids in the geochemistry of metals in natural waters is becoming more apparent as
sampl ing methods and analytical capabi l i ty become more ref ined (Buffle and L e p p a r d , 1995a; 1995b;
Stumm and Morgan, 1996). To understand the role of co l lo ids in processes a f f e c t i n g contaminants, there
must be adequate methods for their characterization. C o l l o i d s are so l ids with e f f e c t i v e diameters in the
size range from about 10"9 to 10"6 meters. Such small particles do not settle from the aqueous phase; their
small size allows the Brownian motion of water molecules to keep them suspended (van Olphen. 1977).
The small size results in extensive surface area that s t rongly in f lu enc e s the par t i t i oning of toxic metals
through sorption and coprecipitation (Jenne , 1977; Morel and Gschwend, 1987; and Stumm and Morgan,
1996).

Standard methods of f i l t ra t i on do not separate colloids from water. Jone s and others (1974) recognized
the inadequacy of f i l t r a t i o n with 0.45-micrometer (jam) membranes to exclude solids from samples for
metal analysis of surface waters. T h e y observed that very f i n e clay partic le s passed through 0.45-fim
membrane f i l t e r s and a f f e c t e d the analysis of iron (Fe), aluminum (Al), and zinc (Zn). Recently, the role
of colloids in regula t ing occurrence and transport of contaminants in ground water also has been studied
(Roy and Dzombak, 1997).

When acid mine drainage enters streams with near neutral pH, Fe-rich colloidal material commonly forms
in the water column (Kimbal l and others, 1994). T h i s process makes the role of co l lo ids in s tudying acid
mine drainage part i cu larly important. The initial prec ipi tat ion of Fe hydroxides generally creates
particles less than 1 nanometer (nm), or 0.001 pm in diameter (Ranvil le and others, 1989; Grundl and
Delwiche, 1993). The extremely small particles rapid ly aggregate to form a continuous size range of
particles from 1 run to greater than 1 (jm (Buffle and Leppard, 1995a). Toge th er , precipi tat ion and
aggregation result in a continuous range of part ic l e sizes, compl i ca t ing the task of f i l t r a t i o n to obtain an
operationally de f ined dissolved metal concentration can be complicated. Aggrega t i on can cause the
colloidal material to s e t t l e from streams where the Fe hydroxides are re sponsible for the ochre color
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downstream from many mine sites (Bigham and others, 1990). Although many solutes do not form
colloidal particles and 0.45-|im f i l t r a t i o n is adequate to d e f in e a dissolved concentration, there is nothing
natural about d i s t ingu i sh ing "dissolved" metal concentrations as the f i l t r a t e that passes through a 0.45-|xm
f i l t e r . Such f i l t r a t i o n only provides an operational d e f i n i t i o n for legal purposes. Some studies have used
"ul traf i l trat ion" using membranes with pore-sizes as small as 10 kiloDaltons (kDa) to separate this range
of particle sizes from water (Moran and Moore, 1989; Kimball and others, 1994).

P U R P O S E A N D S C O P E

The purpose of this report is to present result s of f i l t r a t i o n on samples from French Gulch, Colorado and
to evaluate those results with a two factor analysis of variance design (fig. 1). In mine drainage that is not
Fe-rich, metals can still be associated with colloidal-size particles that are o f t en organic or biological
debris, or metal-oxide precipitates other than Fe. Col lo id s o f t en a f f e c t the cycles of toxic metals like
cadmium (Cd), copper (Cu), lead (Pb), and Zn. T h e s e metals can sorb to the Fe hydroxides and become
part of the b i o f i lm coating the cobbles on streambeds as col loids are trapped and as aggregated co l l o id s
settle. Thi s may represent an entry of the metals into the food chain as the b io f i lm is consumed by
grazing benthic invertebrates. Thi s can happen far downstream from where the visible Fe staining occurs.
These examples will indicate the s ignif icance of col loids with respect to regulatory practices, process
studies, and the evaluation of toxicity.
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M E T H O D S

D I S S O L V E D M E T A L C O N C E N T R A T I O N S

Dissolved metal concentrations must be operat ional ly d e f in ed . Because of the formation of Fe- hydroxide
part ic le s ranging from less than 1 nm to greater than 1 pm in streams a f f e c t e d by mine drainage, 0.45 (am
is neither an e f f e c t i v e nor a natural break for the di s t inct ion of dissolved and paniculate concentrations in
these streams (Kimball and others, 1994). Standard U.S. Geological Survey procedure involves f i l t r a t i o n
with an in-line capsule f i l t e r of 0.45 jam pore size (Horowitz and others, 1994). For this study, the
operational 0.45-jam def ini t ion of the dissolved fraction for this study was compared to tangent ia l- f low
u l t r a f i l t r a t i o n through a membrane with an e f f e c t i v e pore size less than 0.001 (am (Hernandez and
S t a l l a r d , 1988; Kimball and others, 1994). Some water samples also were f i l t e r e d through 0.1-(om
membranes. T a b l e 2 summarizes the kinds of samples collected for the study. An u n f i l t e r e d sample also
was obtained for the determination of total recoverable metals.

The water remaining in the churn was f i l t e r ed using tangen t ia l - f l ow f i l t r a t i o n with either a M i l l i p o r e
Minitan or Pelican apparatus 1. In theory, tangen t ia l - f l ow f i l t r a t i o n keeps solid material suspended as
water f l ow s across the f i l t e r membrane, rather than forc ing solids onto the f i l t e r . Osmotic pressure draws
water through the membrane producing a f i l t r a t e that is free of the particulate solids greater than a size
determined by the membrane pore size. D i f f e r e n t pore sizes can be substituted into the same apparatus
without changing any of the other conditions, allowing for a good test of variations due to pore size. T h i s
avoids f i l t r a t i o n ar t i fac t s suggested by Horowitz and others, 1992. In practice, however, Fe-co l lo id s
accumulate on the f i l t e r membranes. F i l t r a t i o n with a lOkDa membrane caused no observable changes in

1 The use of trade names is for ident i f i ca t ion only and does not imply endorsement by the U.S. Geological
Survey.
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Fe concentration over time, sugge s t ing that the initial pore size was s u f f i c i e n t to exclude co l lo ids that
would have passed through the larger pore-sized membranes. W i t h 100 and 30 kDa membranes, however,
the accumulation of colloidal material had observable e f f e c t s . Concentrations of Fe in the f i l t r a t e
progress ively decreased to a constant value during f i l t r a t i o n with these two membrane sizes. Others have
found that the 10 kDa membrane is e f f e c t i v e in d i s t ingui sh ing dissolved from colloidal metal
concentrations (Moran and Moore, 1988; Wit t er s and others, 1996).

Table 1. — S u m m a r y of samples collected for comparison of f i l t r a t i o n e f f e c t s .

Sample__________Purpose_____________________________________
U n f i l t e r e d water Total metal concentration, used to determine colloidal concentrations either

directly or indirectly.
0.45-|xm f i l t r a t e Legal def ini t ion of dissolved constituents (Horowitz and others, 1996)
0.1 -\an f i l t r a t e S u g g e s t e d as a better measure of dissolved concentrations for metals in surface

water samples (Jone s and others, 1974).
10,000-Dalton f i l t r a t e An u l t r a f i l t r a t e that l imits paniculate material to that less than about 0.00029

pm (Hemandez and S t a l l a r d , 1987). T h i s has been shown to be a better
measure of "dissolved" metal concentrations in surface waters than the
larger pore-size membranes (Kimball and others, 1995).

C O L L O I D A L M E T A L C O N C E N T R A T I O N S

Col l o ida l metal concentrations were determined by an indirect method. Subtrac t ing the u l t r a f i l t r a t e
concentration from the total recoverable concentration is a representation of the colloidal metal
concentration. If the two concentrations must be s i gn i f i can t ly d i f f e r e n t to results in a meaningful
concentration. Generally, this indirect method works well for concentrations of Fe, Mn, and Zn. Both
u l t r a f i l t r a t e and total recoverable concentrations of cadmium (Cd), copper (Cu), nickel (Ni), and lead (Pb)
o f t en are too low to be used for calculation colloidal metal concentrations.
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S T A T I S T I C A L A N A L Y S I S
Filtra t i on was considered a "treatment" in an analysis of variance design. The analysis of variance design
included the three f i l t r a t e concentrations, but not the u n f i l t e r e d concentration. S a m p l i n g sites were
random fac tor s , and a particular site was either upstream or downstream from the mine. W i t h these
factors , the variability of the metal concentrations can be evaluated by hierarchical design ( T a b l e . 1). In
addi t ion to f o l l o w i n g this des ign, one "site" was a f i e l d blank sample, or a sample of reagent grade water
that was processed j u s t like all the other samples to check for contamination, but was not included in the
analysis of variance to test for d i f f e r e n c e s among sites. T h i s design will test the hypo the s i s l i s t ed in T a b l e
1.

In this report, a s i gn i f i can t d i f f e r e n c e means that there was a less than 0.05 probabili ty of f i n d i n g a
greater value of F for the given e f f e c t . T h i s is the way s igni f i cance is reported using the PSTAT computer
program for the analysis of variance (PSTAT, 1990).

Tabl e 2. Levels for analysis of variance.

Level Hypothe s i s tested Levels
S i t e (composites f rom six

sites and a f i e l d
blank)

S a m p l e (2 aliquots from
each composite)

F i l t r a t e (3 f i l t r a t e s for
each sample)

Analyt ical/Error (2
determinations for
each b o t t l e )

Are there d i f f e r e n c e s among
the sites?

There are three sites upstream
(U) and three sites
downstream (D) from the
mine.

Are there d i f f e r e n c e s between
sequential aliquots from
the same sample?

Are there d i f f e r e n c e s among
f i l t r a t i o n treatments?

Are there d i f f e r e n c e s between
analytical determinations
of the same sample?

1. Above Farncomb Gulch (U)
2. Above Mineral Hill (U)
3. Above Country Boy Mine (U)
4. Below Ford G u l c h (D)
5. Above Gibson Gulch (D)
6. At mouth (D)
Pairs of aliquots from each sample.

1. U l t r a f i l t r a t e (0.001 urn)
2. 0.1-nm f i l t r a t e
3. 0.45-pn f i l t r a t e
D i f f e r e n c e s due to analytical

procedures and error
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R E S U L T S

D I S S O L V E D M E T A L C O N C E N T R A T I O N S

Few manufacturers produce all the pore-size membranes covered in this test. It is important, however, not
to mix d i f f e r e n t f i l t r a t i o n technologies to test the e f f e c t s of pore size. For example, using an in-line
capsule f i l t e r for the 0.45-|om f i l t r a t e , a pressure f i l t r a t i o n for the 0.1 -fim f i l t r a t e , and tangential f l o w
f i l t ra t i on for the u l t r a f i l t r a t e would introduce variability that could mask e f f e c t s due to pore size (Horowitz
and others, 1992). To avoid the additional variability, t angen t ia l - f l ow f i l t r a t i o n , varying only the
membrane size, was chosen because it allowed everything to remain constant in the f i l t r a t i o n process
except the f i l t e r pore size, giving a better control on the pore-size factor.

S i g n i f i c a n c e o f d i f f e r e n c e s i n f i l t r a t e c on c en t ra t i on s
Three f i l t r a t i o n treatments were app l i ed to samples that were col lec ted during snowmelt r u n o f f in French
Gulch when the amount of colloidal material generally is greatest (Kimball and others, 1995).
Determinations of metal concentrations in these f i l t r a t e s are listed in A p p e n d i x I. Results of the analysis
of variance are li s ted in tables 2 and 3.

I r o n
Stat i s t i ca l s ignif icance of the various f i l t r a t i o n treatments is very clear from the analysis of variance (table
2). In the f i r s t set of results, there is a s igni f i cant d i f f e r e n c e among sites. T h i s d i f f e r e n c e is between sites
upstream and downstream from the mine (fig. 2). The e f f e c t of f i l t ra t i on is also s igni f i cant . The cross
factor is s igni f i cant , meaning that the e f f e c t of f i l t ra t ion is significant at some sites, but not at others.
Results indicate that f i l t r a t i o n is s igni f i cant downstream from the mine. Col lo id s form with the i n f l o w of
iron downstream from the mine general, making f i l t r a t i o n of great consequence.
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There was a second analysis using the f i l t r a t i o n treatment as the main factor, but inc luding a fac tor for
taking replicate samples from the larger sample bottle. T h i s analysis indicated that there was a s igni f i cant
d i f f e r e n c e for the f i l t r a t i o n treatments, but that there was no s i gn i f i can t d i f f e r e n c e between replicates.
There also was no s i gn i f i can t d i f f e r e n c e for the cross factor, indicating that this was true for all the sites.

Z i n c
Results for the analysis of variance using zinc concentration as the dependent variable were similar to
those using iron concentration (Tabl e 3). There were s igni f i cant d i f f e r enc e s among the sites, among the
f i l t r a t e s , and for the cross factor of sites by f i l t r a t e s . The magnitude of d i f f e r e n c e s , even though it was
s i g n i f i c a n t , was much less than for Fe, and also the d i f f e r e n c e between u n f i l t e r e d and f i l t e r e d samples is
not as great (fig. 3). Also the d i f f e r e n c e between f i l t r a t e concentrations and u n f l i t e r e d concentrations is
not as great as the d i f f e r e n c e s for Fe.

Other M e t a l s
There are substantial concentrations of Mn from the mining in French Gulch. The three f i l t r a t e
concentrations for Mn (fig. 4) indicate very l i t t l e d i f f e r enc e . Although there is a significant d i f f e r e n c e
among sites for Mn concentrations, there is not a s igni f i cant d i f f e r e n c e among f i l t r a t e s .

Cadmium concentrations are low, almost at the level of detection. There was a s ign i f i cant d i f f e r e n c e ,
however, among sites (fig. 5). There was not a s igni f i cant d i f f e r e n c e among f i l t r a t e s .
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C O L L O I D A L M E T A L C O N C E N T R A T I O N S

The concentration of metals in a colloidal phase is calculated indirectly by subtracting the u l t ra f i l t ra t e
concentration from the un f i l t e r ed concentration. Iron (fig. 6) is the main component of the col loids; the
co l lo ids result from the precipitation of hydrous iron oxides and the subsequent aggregation of those
colloids (Grundl and Delwiche, 1993; Kimball and others, 1995; Broshears and others, 1996). Thi s
indirect method of measuring col loidal metal concentrations can indicate the concentrations of iron and
zinc (fig. 7) in the co l lo id s , but cannot dis t inguish the concentrations of manganese and cadmium.
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D I S C U S S I O N
Thes e results indicate the presence of colloidal Fe with associated metal concentrations. The colloidal Fe
is a direct result of the introduction of metals from the mine in French G u l c h ; there was no s i g n i f i c a n t
colloidal Fe upstream from the mine.

Iron and Zn are the principal metals in the colloids, but there are likely substantial concentrations of Cd,
Cu, and Pb. A direct measurement of colloidal concentrations of these less abundant metals, rather than
the indirect measurement used here, would give an indication of their concentrations (Kimbal l and others,
1995).

F I L T R A T I O N F O R D I S S O L V E D C O N C E N T R A T I O N S

The s i gn i f i can t d i f f e r e n c e among f i l t r a t e concentrations indicates that colloidal Fe does pass through 0.1-
and 0.45-jom f i l t e r s . A l t h o u g h there was not a great d i f f e r e n c e between the f i l t r a t e concentrations for
these larger pore-sized f i l t e r s , they are both substantially greater than the u l t ra f i l t ra t e concentrations.

I M P L I C A T I O N S O F F I L T R A T I O N R E S U L T S

Using the 0.45-(4m f i l t r a t i o n will result in higher "dissolved" concentrations for Fe, Zn, and pos s ib ly Cd,
Cu, and Pb than may actually be present. When assessing the risk or toxicity of metal contamination with
0.45-nm f i l t e r e d concentrations, this f i l t r a t i o n e f f e c t would cause an overestimate of risk. T h i s is an error
on the side of safety. The presence of colloidal metals may also be a source of toxic i ty for aquatic
organisms. A recent study indicated that colloidal metals might be re-dissolved in f i s h guts, becoming
available to the f i s h (Mayer and others, 1996). There should be more s tudy of the particular pathways by
which colloidal metals might a f f e c t the chronic toxicity of aquatic organisms.

Any geochemical model ing using data from the 0.45-jom f i l t r a t i o n could be in error also, part i cularly with
respect to any calculations regarding saturation of Fe phases. T h i s could i n f l u e n c e studies about the
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geochemical and biological processes that a f f e c t the metals in surface and ground water a f f e c t e d by
mining.
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A p p e n d i x I — R e s u l t s o f d e t e rmina t i on s o f metal s in various f i l t r a t e s and u n f i l t e r e ds a m p l e s f r o m F r e n c h G u l c h , Colorado . All concentrations are in m i l l i g r a m s perl i t e r .
[ S n u m , downstream site number; Rnum, r e p l i c a t e s a m p l e number; F n u m , f i l t e rnumber; Al, a luminum; Cd, cadmium; Cu, c opp er; Fe, iron; Mn, manganese; Zn,zinc; A b , above; b d l , below d e t e c t i on l i m i t . ]
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0.002!
0.005!
0.004;
0.002;
0.004
0.002;
0.001 ;
0.001 ;
0.003;
0.006;
0.005!
0.000!
0.005!
0.003!

' . • . ^ - l " * j i • ' : . ; . v;• .::ii.C-.. •:- i ; i;

"oOOi";
0.002
0.009
0.009
0.062:

0.002!
0.010!
0.010:

0.017
0.012
0.007
0.053
0.053

b d l ;
0.017;
0.012!
0.010;
0.075:

0.005!
0.018
0.018!
0.076!
0.005!
0.014;
0.013!
0.017!
0.021
0.015!
0.011
0.085
0.087
0.002
0.000
0.020
0.009:
0.006;
0.006!
0.084!

I||D
0.002
0.000
0.001
0.003
0.001
0.001
0.001
0.002
0.001
0.001
0.003
0.003 !
0.004!
0.004!
0.004!
0.005;
0.008:

0.005;
0.005!
0.004!
0.008
0.001 !
0.002
0.002
0.002
0.002
0.002
0.002
0.007
0.006
0.002
0.002!
0.002;
0.001 j
0.002!
0.002!
0.007

~6.041
0.018
0.013
0.013
0.008
0.027
0.019
0.023;
0.024
0.029
0.021
0.015

b d l !
0.066;
0.033!
0.047!
0.035!
0.013;
0.070^
0.050:
0.059;0.009;
0.035!
0.029:

0.018
0.017:
0.038
0.038:
0.045:
0.039!
0.034!
0.024!
0.030;
0.020!
0.023;
0.036!
0.043!
0.048



A p p e n d i x I — R e s u l t s o f d e t e rmina t i on s o f me ta l s in various f i l t r a t e s and u n f i l t e r e ds a m p l e s f r o m F r e n c h G u l c h , Co lorado . All concentrat ions ar e in m i l l i g r a m s p e rl i t e r .
:A: . ;, : ;:':Siie, :::,^»- !»-;:Shuriiu 'Rnum:-'-:.i ;FiiiJim:;f;a
Ab Country Bo 3F 2 4
Below F o r d 4F 1 1

: 2!

; ; 3;
4;

2 1 :

: 2:

i 3i
; : ! 4!

Above Gibson 5F : 1 ; 1 i
i i i 2!: ;• ! ! 3i
: . i i 4:
': ! 2; 1!

: ; 2

: ; 3
: 4s

3 2:
; i 3.
: ! 4;

At mouth 6F i 1 1
: ! ; , 2:

• 3;

^^^^^^,^^^^^j^^^-^
1; 0.095 0.000 0.004 0.080 0.007: 0.040

0.001 0.040 0.003 0.002 0.002 0.246 0.870
• b d l : 0.003 0.001 0.002 0.250 0.850

0.1 0.047 0.001 i 0.004 0.162 0.257 0.888
0.056 0.003: 0.002 0.155 0.263: 0.959

0.45; 0.065 0.005 0.003 0.171 0.267; 1.035
: 0.067 0.000 0.003 0.164 0.261 1.030

1= 0.261 0.004 0.007 0.488 0.283 1.126
: 0.243 0.002 0.004 0.509 0.295 1.159

0.001 0.025 0.005 0.005 0.005 0.254; 0.729
0.054 0.004 0.004 0.006 0.253; 0.766

b d l i 0.005 0.003 0.010 0.245 i 0.853
0.1 j 0.039 0.002 0.003; 0.158 0.253 0.798

i 0.056 0.003 0.005; 0.164^ 0.254; 0.816
0.45i 0.045 0.005 0.002 0.177; 0.258 0.904

! 0.076 0.005 0.005; 0.177; 0.267 0.943;
1! 0.289 0.005 0.008 0.560 0.293 1.164

I 0.292; 0.001 0.005; 0.545; 0.299 1.177
0.001; 0.055: 0.002; 0.005; 0.000 j 0.441; 1.601;

! 0.007; 0.005: 0.003; 0.000 \ 0.444 1.654;
0.1; 0.034; 0.007 O.OOSi 0.230! 0.468 1.795;

0.45; 0.068, 0.005 0.004; 0.260! 0.480: 1.867;
; 0.055: 0.005 0.003; 0.248; 0.465 1.849

1 0.309; 0.006; 0.004̂  0.837! 0.512; 2.144;! 0.392! 0.010 0.006; 0.949; 0.520 2.146
0.001: 0.027 0.005 0.003 0.010 0.438! 1.455

0.1i 0.036! 0.005 0.003! 0.250! 0.464! 1.687
0.038! 0.004 0.003! 0.233! 0.472 1.695!

0.45! 0.066i 0.003 0.003! 0.276! 0.472! 1.797
M 0.312! 0.007 0.004; 0.830! 0.515; 1.928!

0.1 0.030! 0.004; 0.003 0.000! 0.381; 1.250
: 0.185: 0.005 0.003: 0.389! 0.425: 1.754!

0.45 ; 0.036 0.004 0.003 0.075 0.399 1.350
! 0.058 0.007! 0.004 0.072! 0.413! 1.492

1! 0.184 0.004 0.004! 0.392! 0.423! 1.766
0.001 0.031 0.004 0.007! bdl 0.296 1 .758

I 0.049 0.006! 0.008 0.005 0.293 1.810
j 0.013 0.009! 0.012 0.004; 0.294; 1.741

0.1; 0.031 0.006 0.003 0.102 0.310! 2.144
: 0.019! 0.005 0.003 0.106 0.314; 2.188
; b d l ! 0.004; 0.006! 0.103; 0.316! 2.226

0.45! 0.048 0.006 0.002! 0.120 0.328 2.490



A p p e n d i x I — R e s u l t s o f d e t e r m i n a t i o n s o f metal s in various f i l t r a t e s and u n f i l t e r e ds a m p l e s f r o m F r e n c h G u l c h , C o l o r a d o — c o n t i n u e d .

^ ^ - ; \ : ^ . : | i f t ^ S H ; ^ l : : ^ i i i ^ : r t ^ i i J m : ' : v i ' i ™ ! i f f i f = : ^
At mouth 6F \ ^\ 3

: I ; : 4|

2 -\\
' ';

; : •• 21
3

; ; 4;

0.45=1
0.001

0.1
0.45

1

g:5tt;.;:;p:;
6.024 T

0.108
0.112
0.108
0.067

bdH
0.062
0.002
0.064;o.oso:
0.048;
0.097
0.110

^ ' C d S . : ; :
0.0060.009;o.ooe;0.006;
0.008:
0.004:
0.008:
0.009:
0.009o.oos:
0.006;0.008;
0.007

: ' * ; e u ; ; : : »
0.007
0.006
0.005
0.004
0.004:
0.005
0.004;
0.004;
0.005
0.004;o.oos;o.ooe;
0.006

ffffte'i-'^
0.122
0.256
0.246;
0.262

b d l i
0.004;
0.108
0.097:
0.123;
0.113;
0.129:
0.251 i
0.242

&:Mri :,«
0.325
0.323
0.326
0.338
0.301
0.307
0.317
0.323
0.322
0.320
0.323
0.333
0.319

Zn
2;434;
2.541
2.580
2.5852.100;
2.157
2.202
2.384
2.437:
2.448;
2.395
2.536;
2.588



T a b l e j t . — R e s u l t s o f M u l t i - f a c t o r i a l analys i s o f variance.
[ D F , degrees o f f r e edom; S S , s u m o f squares; M S , mean square, F , F - r a t i o ;

P r > F , p r o b a b i l i t y of a greater F v a l u e . ]
SOURCE OF
V A R I A T I O N
M I N E
F N U M
M I N E * F N U M
Residual
A d j u s t e d T o t a l

DF
1
2
2
48
53

S S
. 1 3 2 1 7 9 5 9 7 9
.1077064087
.0693330377
.0602413855
. 3 6 9 4 6 0 4 2 9 8

MS
. 1 3 2 1 7 9 5 9 7 9
.0538532044
.0346665188
.0012550289

F

105.32
42.91
2 7 . 6 2

Pr>F
.0001
.0001
.0001

S O U R C E OF
V A R I A T I O N
S N U M
F N U M
F N U M * S N U M
Residual
A d j u s t e d T o t a l

DF
5
2
10
36
53

SS
. 1 6 7 9 6 0 9 5 1 8
.1100795720
. 0 9 0 2 4 5 6 3 9 1
.0011742670
. 3 6 9 4 6 0 4 2 9 8

MS
. 0 3 3 5 9 2 1 9 0 4
. 0 5 5 0 3 9 7 8 6 0
. 0 0 9 0 2 4 5 6 3 9
.3261853E-4

F
1029.85
1687.38
276 .67

Pr>F
.0001
.0001
.0001

S O U R C E OF
V A R I A T I O N
S N U M
RNUM
S N U M * R N U M
Residual
A d j u s t e d T o t a l

DF
5
1
5
42
53

S S
. 1 6 7 9 6 0 9 5 1 8
.8784064E-5
.0027303230
.1987603710
. 3 6 9 4 6 0 4 2 9 8

MS
.0335921904
.8784064E-5
. 0005460646
.0047323898

F
7.10
.00
.12

Pr>F
.0001
.9658
.9883

SOURCE OF
V A R I A T I O N
F N U M
RNUM
F N U M * R N U M
Residual
A d j u s t e d T o t a l

DF
2
1
2
48
53

SS
. 0 8 9 6 9 0 8 2 4 6
.0018335748
.0018429005
. 2 7 6 0 9 3 1 2 9 9
. 3 6 9 4 6 0 4 2 9 8

MS
.0448454123
.0018335748
.0009214503
.0057519402

F
7.80
.32
.16

Pr>F
.0012
.5750
.8524



Number of Observations

znanova

54

K

A N A L Y S I S O F V A R I A N C E : Z Ni n F i l e : Z N A N O V A
SOURCE OF VARIATION

S N U M
F N U M
F N U M * S N U MResidual

A d j u s t e d T o t a l

DF
5
2

1036

S S
4 3 . 9 6 2 5 4 9 4 5.2760803316.3546936933.2464283197

MS F
8 . 7 9 2 5 0 9 8 9 0 1284.47.1380401658 20.17.0354693693.0068452311

Pr>F
.0001.00015.18 .0001

53 4 4 . 8 3 9 7 5 1 7 9

GRAND MEANNumber of Observations . 9 0 5 6 5 5 5 5 5 654

A N A L Y S I S O F V A R I A N C E : Z Ni n F i l e : Z N A N O V A
SOURCE OF VARIATION

S N U M
RNUM
S N U M * R N U MResidual

A d j u s t e d T o t a l

DF S S MS
5 4 3 . 9 6 2 5 4 9 4 5 8 . 7 9 2 5 0 9 8 9 0 472.061 .0008108149 .0008108149 .045 .0941059954 .0188211991 1.0142 .7822855342 .0186258461

53 4 4 . 8 3 9 7 5 1 7 9

Pr>F
.0001 G,.8357.4236 •;-

GRAND MEANNumber of Observations .905655555654

A N A L Y S I S O F V A R I A N C E :in F i l e :
SOURCE OF VARIATION

F N U M
RNUM
F N U M * R N U MResidual

A d j u s t e d T o t a l

DF

ZNZ N A N O V A
S S

53 44 .83975179

MS
.1338552921 .0669276461.5250603339 .5250603339212 .1131533607 . 0 5 6 5 7 6 6 8 0 348 44.06768281 .9180767251

.07

.57

.06

Pr>F
.9298.4532.9403

GRAND MEANNumber of Observations . 9 0 5 6 5 5 5 5 5 654

Sort on 54 cases c o m p l e t e d .F i l e ZNANOVA was already in sort order.
P E R C E N T I L E S c o m p l e t e d .54 cases were read f r o m f i l e ZNANOVA.

Page 3



GCA c o l l o i d s — D r a f t subject to revision 08/08/97

F I G U R E C A P T I O N S

Figure 1 — S c h e m a t i c map of French Gulch, Colorado indicating the location of s a m p l i n g sites in relation
to the Wel l ington-Oro Mine.

Figure 2 — M e a n iron concentration for each f i l t ra t i on treatment at sites in French Gulch, Colorado.

Figure 3 — M e a n zinc concentration for each f i l t r a t i o n treatment at sites in French Gulch , Colorado.

Figure 4—Mean manganese concentration for each f i l t r a t i o n treatment at sites in French Gulch,
Colorado.

Figure 5 — M e a n cadmium concentration for each f i l t r a t i o n treatment at sites in French Gulch, Colorado.

Figure 6—Dis s o lv ed ( u l t r a f i l t r a t e ) versus colloidal iron concentrations at sites in French Gulch , Colorado.

Figure 7 — D i s s o l v e d ( u l t r a f i l t r a t e ) versus colloidal zinc concentrations at sites in French Gulch, Colorado.

15
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A p p e n d i x 3-2



T a b l e 1 :
F r e n c h G u l c h N o n p o i n t S o u r c e S t u d y . W a t e r Q u a l i t y d a t a c o l l e c t e d H a y 3 - 4 , 1989.N o t e : U n d e r l i n e d v a l u e s e x c e e d C o l o r a d o c h r o n i c t a b l e v a l u e s f o r c o l d w a t e r c l a s s I s t r e a m s .
S i t e

F G 1
t l c l e o d T u n n e l
F G 2
F G 2 s p r i n g
F G 3
F G 4
F G 5
F G 6
F G 6 A
F G 7
F G 8

F G 9
8 R 1
BR2
BR3

F l o wc f s

1.96
.024
2.61
N S
1.26
.011
4.04
.039
.422

2 . 4 4
3 , 4 2
6.80
9 . 1 5
6 . 1 9
4 1 . 7 4

S u s . s o l i d sr a g / i
*
40
*
N S
*
510
*
43
36
i
t

*

16
»
*

A l k .r a g / 1

47
129
49
N S
55
0
59
0
23
41
50
39
50
40
50

T o t . H a r d .
• 9 / 1

69
160
67
N S
73
190
84
300
580
200
97
140
67
140
80

P H

7.20
7.97
7.70
N S
7.56
U4
7.42
U2
6.33
6.90
7 .18
6 .85
7 . 5 1
6 . 9 0
7 .46

N - a m r a o n i a
• 9 / 1

N S
N S
N S
N S
N S
N S
N S
N S
N S
N S
N S
*
*
»
t

N - n i t r i t e / n i t r a t en g / 1

N S
N S
N S
N S
N S
N S
N S
N S
N S
N S
N S
*
>
i
t

P h o s - t o t .t i g / 1

N S
N S
N S
N S
N S
N S
N S
N S
N S
N S
N S
t
*
}
i

C d - tu g / l
*
1.2
*

N S
t
72
*
61
29
12
2
8.2
. 4 4
6
.40

C d - du g / l
i
N S
t
N S
N S
N S
*
N S
ii
il
j j
Li
.30
£
.40

C u - tu g / l
t
t
t
N S
*
70
*
*
22
t
*
t
6
t
*

C u - du g / l
*
N S
*

N S
N S
N S
*

N S
11
t
t
t
7
»
»

F e - tu g / l
»
2700
*

N S
*
16000
*
3700
28000

_120Q
t
330
770
280
*

N S ' - N o t s a m p l e d* - - B e l o w C O H L a b o r a t o r y d e t e c t i o n l i m i t s ( k . 3 0 u g / l C d , k 5 u g / l C u , k 1 0 0 u g / l F e , k 5 u g / l P b ,
k 5 0 u g / l t i n , k . 2 0 u g / l f i g , k 1 0 u g / l Z n , k 1 0 t o g / 1 S u s . s o l i d s i



T a b l e 1 : F r e n c h G u l c h h a y 3-4 , 1989 w a t e r q u a l i t y ( c o n t . )

S i t e

F G 1
M c l e o d T u n n e l
F G 2
F G 2 s p r i n g
F G 3
F G 4
F G 5
F G 6
F G 6 A
F G 7
F G 8
F G 9
B R 1
B R 2
BR3

P b - tu g / l
t
18
*
N S
*
360
*
270
82
5
*
6
8
5

P b - d M n - tu g / l u g / l

t *
N S 1000
* *
N S N S
N S *
N S 1400
* *
N S 4900
* 17000
* 3900
* »
* 740
* *
» 710
* t

H g
• 9 / 1

N S
N S
N S
N S
N S
N S
N S
N S
N S
N S
N S
%
N S
N S
N S

A g - tu g / l
t
*
*
N S
t
*
t
.34
.33
*
*
t
t
*
*

A g - du g / l
t

N S
t
N S
N S
N S
*

N S
.30
*

»
*
*
*
t

Z n - t

*
490
*
10
20
9600
20
17000
51000
14000
660
4400
110
4300
70

Z n - d

*
t
10
N S
N S
N S
10

N S
49000
9300
650
4500
42.
4200
80

N O : N o d a t a
» : B e l o w C D H L a b o r a t o r y d e t e c t i o n l i m i t s ( k 0.30 u g / 1 C d , k 5 u g / l C u , k 1 0 0 u g / 1 f e , k 5 u g / 1 P b ,

k 5 0 u g / 1 t t n , k . 2 0 u g / 1 A g , k 1 0 u g / 1 I n , k 1 0 m g / 1 S u s . s o l i d



T a b l e 2 :
F r e n c h G u l c h N o n p o i n t S o u r c e S t u d y . M e t a l s Bass b a l a n c e i n g r a n s p e r d a y , M a y 3 - 4 1 9 8 9 d a t a .

S i t e

F G 1
H c l e o d T u n n e l
F G 2
F G 3
F G 4
F G 5
F G 6
F G 6 A
F G 7
F G 8

F G 9
8R1
8R2
8R3

C d - tg / d a y

t
0.1

*
*

1.9
*

5.8
29.9
71.6
16.7

1 3 6 . 4
9.8

90.9
40.9

C d - d9 / d a y

*
N S

*
N S
N S

*
N S

25.8
71.6
1 5 . 1

1 1 8 . 1
6.7

90.9
40.9

C u - tg / d a y

t
t
t
*

1.9
*
*

22.7
*
*
*

134.3
*
t

C u - d9 / d a y
t

U S
t

N S
N S

t
N S

11.4
t
*
*

1 5 6 . 7
*
*

F e - tg / d a y

»
1 5 9 . 2

»
*

430.7
t

353.1
28913 .8

7 1 6 4 . 8
t

5 4 9 1 . 1
1 7 2 4 0 . 3

4 2 4 1 . 1
*

P b - tg / d a y

t
1.1

*
t

9.7
t

25.8
84.7
29.8

t
99.8

1 7 9 . 1
7 5 . 7

t

P b - d9 / d a y

t
N S

*
N S
N S

*
N S

t
*
1
t
t
*
t

h n - tg / d a y

t
59.0

*
*

37.7
*

467 .6
1 7 5 5 4 . 8
23285.6

*
1 2 3 1 3 . 3

t
1 0 7 5 4 . 3

*

H gg / d a y

N S
N S
N S
N S
N S
N S
N S
N S
N S
N S
*

N S
N S
N S

A g - tg / d a y

>
t
*
*
t
t

.32

.34
t
>
t
t
»
*

A g - d9 / d a y

t
N S

*
N S
N S

*
N S

.31
*
*
*
t
*
t

Z n - tg / d a y
\

*
28 .9

*
61 .7

258.4
1 9 7 . 7

1 6 2 2 . 4
5 2 6 6 4 . 3
8 3 5 8 9 . 5

5 5 2 3 . 4
7 3 2 1 4 . 2

2 4 6 2 . 9
6 5 1 3 1 . 8

7 1 4 9 . 6

Z n - dg / d a y

*
*

63.9
N S
N S

98.8
N S

5 0 5 9 9 . 1
5 5 5 2 7 . 3

5 4 3 9 . 7
7 4 8 7 8 . 2

1 3 4 3 . 4
6 3 6 1 7 . 1

8 1 7 1 . 0
* : I n s t r e a m c o n c e n t r a t i o n s w e r e b e l o w C O H d e t e c t i o n l i m i t s . S e e T a b l e 1 .
N S : n o t s a m p l e d



T a b l e 3 :F r e n c h G u l c h N o n p o i n t S o u r c e S t u d y . H a t e r q u a l i t y d a t a c o l l e c t e d S e p t . 2 0 - 2 1 , 1989.N o t e : U n d e r l i n e d v a l u e s e x c e ed C o l o r a d o c h r o n i c t a b l e v a l u e s f o r c o l d w a t e r c l a s s 1 s t r e a m s .
S i t e

F G O
F G 2
F G 2 s p r i n g
F G 4
F G 6 A
F G 8
F G 9
8R1
B R 2
8R3

F l o w
c f s
2 . 6 3
4 .24
N S
2 .27
0.189
3.42
4.80
2 .76
4.04
2 4 . 3 9

S u s . s o l i d s
• 9 / 1
N S
N S
N S
4
40
N S
N S
N S
N S
N S

A l k .
• 9 / 1
32
84
N S
100
36
98
46
56
42
40

l o t . H a r d .
• 9 / 1
58
60
N S
58
656
92
102
58
108
68

P H

6.66
6 . 7 2
N S
6 . 6 9
5.23
6.17
5.84

. 6 . 4 1
6.10
6.64

A l - t
• 9 / 1
4
t
*
*
*
*
I
4
t
*

A l - d
• 9 / 1
t
t
N S
*
t
*

*
*
*

C d - tu g / l
*
t
'
4

31
2

4.3
*

4.4
0.5

C d - du g / l
4
*

N S
t

_43
1.9
u

4
___? y

0.4

C u - t C u - du g / l u g / l
4 4
* *

N S -
t 4
6 *
t t
* *
* 4
t t
t t

F e - t P b - tu g / l u g / l
*
4 *
t i
* t

66000 33

140 *
t 4

140 *
* I

P b - d
u g / l

t
4

N S
*
4

4

t

4

*
,

N S ; N o t s a m p l e d
* : B e l o w C O H L a b o r a t o r y d e t e c t i o n l i m i t s ( k . 3 0 u g / l C d , k 5 u g / l C u , k 1 0 0 u g / l F e , k 5 u g / l P b ,k 5 0 u g / l H n , k . 2 0 u g / l f i g , k 1 0 u g / l Z n , k 1 0 n g / 1 S u s . s o l i d s )



T a b l e 3 : C o n t i n u e d
S i t e M n - t N i - t N i - d

u g / 1 u g / 1 u g / 1
H g A g - t A g - d Z n - t Z n - d

i g / 1 u g / 1 " 9 / 1 u g / 1 u g / 1
F G O
F G 2
F G 2 s p r i n g
F G 4
F G 6 A
F G 8
F G 9
BR1
8R2
B R 3

*
*
t
*

26000
*

460
*

520
*

N S
N S
N S
N S

*
N S
N S

*
*

N S

N S
N S
N S
N S

*
N S
N S

*
t

N S

t
N S
N S
N S
N S
N S

*
N S
N S
N O

*
*
*
*
t
*
*
t
*
t

*
*

N S
t
t
t
t
t
*
t

t
10

*
*

66000
470

1900
10

2200
70

*
*

N S
*

7000
460

1900
*

1700
50



T a b l e 4 :F r e n c h G u l c h N o n p o i n t S o u c e S t u d y . M e t a l s mass ba lanc e S e p t . 20-21, 1989 d a t a .

S i t e A l - t A l - d C d - t C d - d C u - t Cu-d F e - t P b - t Pb-d H n - t N i - t N i - d H g A g - t A g - d Z n - t Z n - dk g / d a y k g / d a y g / d a y g / d a y g / d a y g / d a y g / d a y g / d a y g / d a y g / d a y g / d a y g / d a y g / d a y g / d a y g / d a y g / d a y g / d a y
0.0 0.0 0.0
0.0 103.8 0.0
0.0 0.0 0.0
0.0 30492.0 3234.0
0.0 3927.6 3844.0
0.0 22321.2 2 2 3 2 1 . 2
0.0 67.5 0.0
0.0 21856.6 16889.2
0.0 4178.1 2984 .4

F G O
F G 2
F G 4
F G 6 A
F G 8
F G 9

BR1
8R2
BR3

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

14.3
16.7
50.5
0.0

43.7
29.8

0.0
0.0
0.0

19.9
15.9
50.5
0.0

42.7
23.9

0.0
0.0
0.0
2.8
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

30492.0
0.0

1644.7
0.0

1390.9
0.0

0.0
0.0
0.0

15.2
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

12012.0
0,0

5404.1
0.0

5 1 6 6 . 1
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0



T a b l e 5 :C e r i o d a p h n i a s p p . 48 hr . acute t o x i c i t y t e s t .Bioa s say H a t e r q u a l i t y . S a m p l e s c o l l e c t e d J u n e 5 , 1989.
A l l a e t a l s r e p o r t e d a s d i s s o l v e d f r a c t i o n .

S i t e

F G O
F G 1
F G 5
F G 6 A
F G 9
6R1
BR2
BR3

P H

7.3
7.4
7.5
6.2
7.2
7.8
7.4
7.6

T . a l k .
•9/1

30
32
32
14
40
50
46
48

T . h a r d .
•9/1

38
40
44
0

70
56
60
62

N - n i t r a t e / n i t r i t e

N D
N D
N D
N D
N D
*
t
t

N - a s B o n i a

N D
N D
N D
N D
N D
*
*
*

T - p h o s .

N D
N D
N D
N D
N D
«
*
»

A lu g / l
t
*
*
»
*
»
t
*

Cdu g / l
*
«
*

23
3.8

*
1.2
0.4

C u F e
u g / l u g / l

t t
t t
t t
* 22000
* 180
* *

*
t *

P b M nu g / l u g / l

* *
* t
* t
* 11000
* 360
t t
* 120

' » t

A g Z nu g / l u g / l

% *
t t
* 40
* 32000
* 2000
* 30
* 620
* 80

N D - N o d a t a' : B e l o H C D H l a b o r a t o r y d e t e c t i o n U n i t s .



T a b l e 6 :P r e l i m i n a r y f i s h e l e c t r o s h o c k i n g d a t a c o l l e c t e d S e p t . 20-21, 1989.

S i t e N u m b e r C o l l e c t e d
F G O 4 C o l o r a d o c u t t h r o a t t r o u t
F G 1 2 . C o l o r a d o c u t t h r o a t t r o u t
F G 2 5 C o l o r a d o c u t t h r o a t t r o u t
F G 4 0
F G 6 A 0
F G 8 ( S . c h a n n e l ) 0
F G 9 0
BR1 1 b r o w n t r o u t1 brook t r o u t
BR2 1 r a i n b o w t r o u t
BR3 118 b r o w n t r o u t

26 brook t r o u t
1 s c u l p i n



1 I 1 i I 1 1 I I 1 1 i
F R E N C H G U L C H C H E M I S T R Y D A T A : S E P T E M B E R 2 2 , 1992

S a m p l i n gSta t i on

F G - 0
F G - 1
F G - 2
F G - 3
F G - 4
F G - 5
F G - 6 A
F G - 7
F G - 8
F G - 9
BR-1
BR-2
BR-4
BR-5
SR-1
BLANK 1
BLANK 2
B L A N K S
RECON

S a m p l e C o l l e c t i o n
Date & T i m e

9 / 2 2 / 9 2
9 / 2 2 / 9 2
9 / 2 2 / 9 2
9 / 2 2 / 9 2
9 / 2 2 / 9 2
9 / 2 2 / 9 2
9 / 2 2 / 9 2

@1345
@1320
@1305
@1245
@1225
@1200
@1130

9 / 2 2 / 9 2 @1 110
9 / 2 2 / 9 2
9 / 2 2 / 9 2
9 / 2 2 / 9 2
9 / 2 2 / 9 2
9 / 2 2 / 9 2
9 / 2 2 / 9 2
9 / 2 2 / 9 2

9 / 2 2 / 9 2
9 / 2 2 / 9 2
9 / 2 2 / 9 2
9 / 2 2 / 9 2

@1040
@1612
@1550
@1520
@1250
@1200
@1350

@1840
@1840
@1840
@1840

Qcf s

2.46
2.96
3.67
3.45
3.36
3.57

0,287
3.57
1.74
4.78
1.22
5.12
51.9
62,1
4.43

_ _ _ _ _

- Field Measurements -T e m p Cohd.
° C pmhos/cm

10.1
9.5
9.0

10.0
10.0
6.9

10.7
9.5
7.9

11.5
12.4
11.2
11.5
11.8
10.2

76
80
83
92
90
95

740
158
139
163

98
161
113
110

89

PHsu

6.79
6.87
6.91
6,89
6.93
6.83
6.03
6.54
6.69
7.91
8.36
7.98
8,30
8.32
7.71

.

T o t .
A l k .

m g / l

29.43
36.54
36.54
44.66
43.64
40.60

8.12
44.66
43.64
40.63
53.79
38.57
53.79
51,76.
43.64

55.82

H C 0 3 ~
A l k .

m g / l

29.42
36.52
36.53
44.65
43.63
40.59

8,12
44.65
43.64
40.62
53.78
38,56
53.78
51.74
43.63

•

55.81

A l k .m g / l

0.006
0.022
0.012
0.008
0.010
0.009
0.000
0.008
0.004
0.010
0.011
0.006
0.012
0.015
0.008

>

0.009

H C O 3 ~
m g / l

35.9
44.6
44.6
54.5
53.2
49.5

9.9
54.5
53.2
49.5
65.6
47,0
65,6
63.1
53.2

68.1

T S S
m g / l

5
1
5
4
2
1

30
4
2
2
4
3
3
5
7

N o t e : "-t" = T o t a l Recoverable "-d" = D i s s o l v e d



t I ! I I 1 I , I 1 ! I

F R E N C H G U L C H C H E M I S T R Y D A T A : S E P T E M B E R 2 2 , 1992
S a m p l i n g
S t a t i o n

F G - 0
F G - 1
F G - 2
F G - 3
F G - 4
F G - 5
F G - 6 A
F G - 7
F G - 8
F G - 9
BR-1
BR-2
BR-4
BR-5
S R - 1
BLANK 1
B L A N K 2
B L A N K S
RECON

S a m p l e C o l l e c t i o n
Date & T i m e

9 / 2 2 / 9 2 @1345
9 / 2 2 / 9 2 @1320
9 / 2 2 / 9 2 @1305
9 / 2 2 / 9 2 @ 1245
9 / 2 2 / 9 2 @ 1225
9 / 2 2 / 9 2 @ 1200
9 / 2 2 / 9 2 @1 130
9 / 2 2 / 9 2 @1 110
9 / 2 2 / 9 2 @1040
9 / 2 2 / 9 2 @1 61 2
9 / 2 2 / 9 2 @ 1550
9 / 2 2 / 9 2 @ 1520
9 / 2 2 / 9 2 @ 1250
9 / 2 2 / 9 2 @ 1200
9 / 2 2 / 9 2 @ 1350

9 / 2 2 / 9 2 @1840
9 / 2 2 / 9 2 @ 1840
9 / 2 2 / 9 2 @ 1840
9 / 2 2 / 9 2 @ 1840

F
m g / l

<0.2
<0.2
<0,2
<0.2
<0.2
<0,2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

<0.2

Clm g / l

<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

1.6
0.6
3.6
2.8
0.6

1.9

SO,m g / l

18.1
18.4
18.9
18.1
18.3
18.6
551

64.4
54.1
66.4

9.8
66.7
18.4
18.6
17.5

81.6

N O ,m g / l

<0.5
<0,5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

<0.5

N O ,m g / l

<0.2
<0,2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

<0.2

P04 Cam g / l m g / l

<1 16.97
<1 18.88
<1 19.34
<1 21.73
<1 21.35
<1 22.01
<1 122.70
<1 33.08
<1 31.36
<1 33.73
<1 18.99
<1 33.41
<1 22.00
<1 21.75
<1 18.80

<0.01
<0 01

0.01
<1 15.37

M gm g / l

1.19
1.41
1.53
1.77
1.78
1.81

32.45
4.65
3.94
4.67
4.44
4.62
4.39
4.25
3.29

<0.01
<0.01
<0.01
11.78

H a r d n e s sm g / l

47.3
52.9
54.6
61.5
60.6
62.4
440
102

94.5
103

65.7
102

73.0
71.8
60.5

0.00
0.00
0.02
86.9

N o t e : "-t" = T o t a l Recoverable "-d" = Dis so lved



i 1 I ! I 1 I J 1 1 1 (
F R E N C H G U L C H C H E M I S T R Y D A T A : S E P T E M B E R 2 2 , 1992
S a m p l i n gS t a t i o n

F G - 0
F G - 1
F G - 2
F G - 3
F G - 4
F G - 5
F G - 6 A
F G - 7
F G - 8
F G - 9
BR-1
BR-2
BR-4
BR-5
S R - 1
B L A N K 1
B L A N K 2
B L A N K 3
R F C O N

S a m p l e C o l l e c t i o nDate & T i m e

9 / 2 2 / 9 2 @1345
9 / 2 2 / 9 2 @1 320
9 / 2 2 / 9 2 @1 305
9 / 2 2 / 9 2 @1245
9 / 2 2 / 9 2 @1 225
9 / 2 2 / 9 2 @ 1200
9 / 2 2 / 9 2 @1 130
9 / 2 2 / 9 2 @1 110
9 / 2 2 / 9 2 @1040
9 / 2 2 / 9 2 @ 161 2
9 / 2 2 / 9 2 @1550
9 / 2 2 / 9 2 @1520
9 / 2 2 / 9 2 @ 1250
9 / 2 2 / 9 2 @ 1200
9 / 2 2 / 9 2 @ 1350

9 / 2 2 / 9 2 @ 1840
9 / 2 2 / 9 2 @ 1840
9 / 2 2 / 9 2 @ 1840
QI99IQ9 (3)1 R4n

PHsu

6.79
6.87
6.91
6.89
6.93
6.83
6.03
6.54
6.69
7.91
8.36
7.98
8.30
8.32
7.71

A l k .m g / l

29.43
36.54
36.54
44.66
43.64
40.60

8.12
44.66
43.64
40.63
53.79
38.57
53.79
51.76
43.64

R.R R?

H a r d n e s s
m g / l

47.3
52.9
54.6
61.5
60.6
62.4
440
102

94.5
103

65.7
102

73.0
71.8
60.5

0.00
0.00
0.02
Rfi Q

A g - t A g - d Zn— t

<:1 <1 12.
<1 <1 19
<1 <1 28
<1 <1 26
<1 <1 34
<1 <1 115
1 .7 2.9 43360
<1 <1 3000
<1 <1 1547
<1 <1 1923
<1 <1 34
<1 <1 1993
<1 <1 74
< 1 < 1 44
<1 <1 22

<-i

Zn-d

<8
10
15
13
14
84

41260
2827
1516
1830

11
1887

53
31
13

-*-Q

^•o

*r O

<-H

A l - t

<50
<50
<50
<50
<50
<50

71
<50
<50

63
108
<50
<50
<50

66

A l - dnan

<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50

<50
<50
<50
<?*n

N o t e : "-t" = T o t a l Recoverable "-d" = Dis s o lv ed



I 1 I i I i 1 I I I I
F R E N C H G U L C H C H E M I S T R Y D A T A : S E P T E M B E R 2 2 , 1992
S a m p l i n g
S t a t i o n

F G - 0
F G - 1
F G - 2
F G - 3
F G - 4
F G - 5
F G - 6 A
F G - 7
F G - 8
F G - 9
BR-1
BR-2
BR-4
BR-5
SR-1
BLANK 1
B L A N K 2
BLANK 3
RECON

S a m p l e C o l l e c t i o n
Date & T i m e

9 / 2 2 / 9 2 @ 1345
9 / 2 2 / 9 2 @1320
9 / 2 2 / 9 2 @1305
9 / 2 2 / 9 2 @ 1245
9 / 2 2 / 9 2 @1225
9 / 2 2 / 9 2 @ 1200
9 / 2 2 / 9 2 @1 130
9 / 2 2 / 9 2 @1 110
9 / 2 2 / 9 2 @ 1040
9 / 2 2 / 9 2 @ 161 2
9 / 2 2 / 9 2 @ 1550
9 / 2 2 / 9 2 @ 1520
9 / 2 2 / 9 2 @ 1250
9 / 2 2 / 9 2 @ 1200
9 / 2 2 / 9 2 @1350

9 / 2 2 / 9 2 @ 1840
9 / 2 2 / 9 2 @ 1840
9 / 2 2 / 9 2 @ 1840
9 / 2 2 / 9 2 @1840

pHsu

6.79
6.87
6.91
6.89
6.93
6.83
6.03
6.54
6.69
7.91
8.36
7.98
8.30
8.32
7.71

A l k .m g / l

29.43
36.54
36.54
44.66
43.64
40.60

8.12
44.66
43.64
40.63
53.79
38.57
53.79
51.76
43.64

55.82

H a r d n e s s
m g / l

47.3
52.9
54.6
61.5
60.6
62.4
440
102

94.5
103

65.7
102

73.0
71.8
60.5

0.00
0.00
0.02
OfS Qoo.y

N i - t/ * g / i

<30
<30
<30
<30
<30
<30

61
<30
<30
<30
<30
<30
<30
<30
<30

N i - d/ * g / i

<30
<30
<30
<30
<30
<30

38
<30
<30
<30
<30
<30
<30
<30
<30

^ Q f i<.OU

-̂ •on^%ou
^ inV.OU

.^/an<*&\j

N a - dm g / l

<3
<3
<3
<3
<3
<3

26.1
<3
<3
<3
<3
<3
<3
<3
<3.

-,*O<.O

r f - ' i<>\J

*"*•̂O

oo &£.£.&

N o t e : "~t" = total Recoverable "-d" = Dis so lved



1 I I i I 1 I 1 1 1 I 1
F R E N C H G U L C H C H E M I S T R Y D A T A : S E P T E M B E R 2 2 , 1992
S a m p l i n gS t a t i o n

F G - 0
F G - 1
F G - 2
F G - 3
F G - 4
F G - 5
F G - 6 A
F G - 7
F G - 8
F G - 9
BR-1
BR-2
BR-4
BR-5
S R - 1
B L A N K 1
B L A N K 2
B L A N K 3
RECON

S a m p l e C o l l e c t i o n
Date & T i m e

9 / 2 2 / 9 2 @1345
9 / 2 2 / 9 2 @ 1320
9 / 2 2 / 9 2 @ 1305
9 / 2 2 / 9 2 @ 1245
9 / 2 2 / 9 2 @ 1225
9 / 2 2 / 9 2 @ 1200
9 / 2 2 / 9 2 @1 130
9 / 2 2 / 9 2 @1 110
9 / 2 2 / 9 2 @1040
9 / 2 2 / 9 2 @161 2
9 / 2 2 / 9 2 @1550
9 / 2 2 / 9 2 @1520
9 / 2 2 / 9 2 @ 1250
9 / 2 2 / 9 2 @ 1200

. 9 / 2 2 / 9 2 @1350

9 / 2 2 / 9 2 @ 1840
9 / 2 2 / 9 2 @ 1840
9 / 2 2 / 9 2 @ 1840
9 / 2 2 / 9 2 @1840

PHsu

6.79
6.87
6.91
6.89
6.93
6.83
6.03
6.54
6.69
7.91
8.36
7.98
8.30
8.32
7.71

A l k .
m g / l

29.43
36.54
36.54
44.66
43.64
40.60

8.12
44.66
43.64
40.63
53.79
38.57
53.79
51.76
43.64

rrtr oo

H a r d n e s sm g / l

47.3
52.9
54.6
61.5
60.6
62.4
440
102

94.5
103

65.7
102

73.0
71.8
60.5

0.00
0.00
0.02
QK Q

F e - t F e - d

22 <10
54 33
81 28
33 14
78 13
52 <10

41080 38540
302 27
113 30
164 <10
235 30
164 <10
45 <10
46 <10
60 <10

Pb-t

<3
<3
<3
3.7
3.3
<3

56.7
<3
<3
7.8
3.7
5.5
3.6
3.8
<3

Pb-d

<3
<3
<3
<3
<3
<3
3.6
<3
<3
<3
<3
<3
<3
<3
<3

-*-Q

j - Q

M n - t

3
13
15
7
8

12
15690

699
218
355

17
365

6
5
6

*

M n - d

<2
12
11
4
3
2

15720
698
224
361

5
368

3
3
3

<2
<2
<2
<2

N o t e : "-f = T o t a l Recoverable m-dm = Dis so lved



F R E N C H G U L C H M E T A L S D A T A - October 2 1 , 1993

S a m p l i n g
S t a t i o n

F G - 5
F G - 6 A
F G - 7
F G - 8
F G - 9
BR-1
BR-2
BR-3

S a m p l e Collec t ion
Date & T i m e

1 0 / 2 1 / 9 3 ®1 608
1 0 / 2 1 / 9 3 @1543
10/2 1 / 9 3 ® 1436
1 0 / 2 1 / 9 3 ®1421
1 0 / 2 1 / 9 3 ®1351
1 0 / 2 1 / 9 3 ®1330
1 0 / 2 1 / 9 3 ®11SS
1 0 / 2 1 / 9 3 ®1045

F l o wm l / m i n
_ f

T e m p
"C

5.4
8.0
7.8
7.1
4.9
3.9
3.2
7.6

eld MeasuremenT e m p (or

21.6
21.1
21.5
21.2
21.4
21.3
20.9

62

I s — — — — — — - -
Cond

unhos/cm

131
1150
236
209
236
131
236

.• 100

pHsu

7.99
6.73
7.B2
7.31
7.80
7.98
7̂ 85
8.18

Ca
mg/I

23.29
182.5
4029
36.50
39.45
20.56
39.63
22.98

M g H t r d n e t t N a — d
mg/l mg/l mg/ l

1 .87 65.9 1 .36
5427 670 6.08

5.36 123 1.81
4.39 109 1.81
5.42 121 2,01
4.66 70.5 1.82
5.41 121 2,02
4.47 75.8 2,63

K-d
mg/l

2.2

1.0

1.3

S a m p l i n g
Sta t i on

F G - 5
F G - 6 A
F G - 7
FG — 7 Dullest
F G - 8
F G - 9
BR-1
BR-2
BR-3

S a m p l e Co l l e c t i onDate & Time

10/2 1 / 9 3 ® 1608
10/2 1/93 ©1543
1 0 / 2 1 / 9 3 ® ! 436

i 1 0 / 2 1 / 9 3 ©1436
1 0 / 2 1 / 9 3 ®1421
1 0 / 2 1 / 9 3 ©1351
10/2 1 / 9 3 ® 1330
1 0 / 2 1 / 9 3 @1 155
10/2 1 / 9 3 ® 1045

pHsu

7.99
6.73
7.92
7.92
7.31
7.80
7.98
7.85
8.18

H n n d n e nmg/l

65.9
679
123

109
121

70.5
121

75.8

Cd-t
u g / l

<0.5
25.6

7.9
7^5
3.0
6.8

<0.5
6.9

<0.5

C d - d
u g / l

<0.5
24.0

7.4

7.5
6.6

<0.5
6.7

<0.5

C f - tu g / l

<6
<6
<6
<6
<6
<6
<6
<6
<6

Cr-d
u g / l

<6
<6
<6

<6
<6
<6
<6
<6

Cu-t Cu-d Ag-tu g / l u g / l u g / l

<1 <1 <0.3
6.0 6.0 <0.3
<1 <1 <0.3

<1 <1 <0.3
<1 <1 <0.3
<1 <1 <0.3
<1 1.0 <0.3
<1 <1 <0.3

A g - du g / l

<0.3
<0.3
<0.3

<0.3
<0.3
<0.3
<0.3
<0.3

N O T E : ' - r = T o t a l Recoverable •-o" = Dissolved



F R E N C H G U L C H M E T A L S D A T A - October 2 1 , 1993

S a m p l i n gStat ion

F G - 5
F G - 6 A
F G - 7
F G - 8
F G - 9
BR-1
BR-2
BR-3

S a m p l i n gStat i on

F G - 5
F G - 6 A
F G - 7
F G - 8
F G - 9
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o nDate & T i m e

1 0 / 2 1 / 9 3 ®1608
10/2 1 / 9 3 ©1543
1 0 / 2 1 / 9 3 ®1 436
1 0 / 2 1 / 9 3 ©1436
1 0 / 2 1 / 9 3 ©1421
1 0 / 2 1 / 9 3 ©1351
1 0 / 2 1 / 9 3 ©1330
1 0 / 2 1 / 9 3 ©1155
1 0 / 2 1 / 9 3 ©1045

S a m p l e Col l e c t i onDate & Time

10/2 1 / 9 3 ©1608
1 0 / 2 1 / 9 3 ©1543
1 0 / 2 1 / 9 3 ©1430
1 0 / 2 1 / 9 3 ©1436
1 0 / 2 1 / 9 3 ©1421
1 0 / 2 1 / 9 3 ©1351
1 0 / 2 1 / 9 3 ©1330
1 0 / 2 1 / 9 3 ©1155
1 0 / 2 1 / 9 3 ©1045

PHsu

7.99
6.73
7.92
7.92
7.31
7.80
7.98
7.85
8.18

PH
S U

7.99
6.73
7.92
7.92
7.31
7.80
7.98
7.85
8.18

H a i d n e s t Zn-t Zn-d A l - t A l - dmg/ l ug/1 ug/1 ug/1 ug/1

65.9 67 27 <40 <40
679 69000 695SO 250 <40
123 3193 3254 <40 <40

3020 <40
109 749 792 <40 <40
121 2605 2872 <40 <40

70.5 29 22 <40 <40
121 2821 3077 <40 <40

75.8 83 71 121 <40

H a i d n e » Mn-t Mn-d N i - t N i - dmg/ l ug/1 u g / t ug/1 ug/1

65.9 17 3.0 <15 <15
679 24900 26040 75 69
123 729 767 <15 <15

687 - -- <15
109 83 88 <15 <15
121 413 460 <15 <15

70.5 4.0 2.0 <1S <15
121 452 496 <15 <15

75.8 10 3.0 <15 <15

F e - t F e - d Pb-t Pb-dug/1 ug/1 ug/1 ug/1

83 15 1.0 <1
62091 62570 72.1 3.3

282 10 1.9 <1
266 —— 1.7 - - -

43 21 <1 9.0
105 14 9.0 1.4

65 18 <1 <1
119 14 9.7 1.8
148 22 3.2 <1

N O T E : m-f - Total Recoverable --d" - Dissolved



F R E N C H G U L C H Q A / Q C D A T A - October 2 1 , 1993

S a m p l i n g
Stat ion

QC-1
QC-2
QC-3

S a m p l i n g
S t a t i o n

QC-1
QC-2
QC-3

S a m p l i n g
S t a t i o n

QC-1
QC-2
QC-3

S a m p l e C o l l e c t i o n
Date & T i m e

1 1 / 2 1 / 9 3 @ 1 6 1 5
1 1 / 2 1 / 9 3 @ 1 6 1 5
1 1 / 2 1 / 9 3 @ 1 6 1 5

S a m p l e Co l l e c t i on
Date & T i m e

1 1 / 2 1 / 9 3 @ 1 6 1 5
1 1 / 2 1 / 9 3 @ 1 6 1 5
1 1 / 2 1 / 9 3 @1615

S a m p l e C o l l e c t i o n
Date & T i m e

1 1 / 2 1 / 9 3 @ 1 6 1 5
1 1 / 2 1 / 9 3 @ 1 6 1 5
1 1 / 2 1 / 9 3 @ 1 6 1 5

Description

Container Blank
Rlter Blank
H N O j Blank

Descr ip t i on

Container Blank
Filter Blank
H N O 3 Blank

Descript ion

Container Blank
Fil t er Blank
H N O , Blank

Ca
mg/1

0.01
0.01

<0.01

Cd-d
ug/1

<0.5
<0.5
<0.5

A l - d
u g / l

<40
<40
<40

Mg Hwdnwsmg/1 mg/1

<0.05 0.025
<0.05 0.025
<0.05 — — —

Cr-d Cu-d
u g / l u g / 1

<6 <1
<6 <1
<6 <1

Fe-d Pb-d
u g / l u g / l

<5 <1
<5 <1
<5 <1

Na-dmg/1

<0.05
<0.05
<0.05

Ag-d
u g / l

<0.3
<0.3
<0.3

Mn-d
u g / l

<1
<1
<1

K-dmg/1

<1
<1
<1

Zn-d
u g / l

<4
<4
<4

N i - d
u g / l

<15
<15
<15



F R E N C H G U L C H C H E M I S T R Y D A T A : N o v e m b e r 16-17,1993

S a m p l i n g
S t a t i o n

F G - 5
F G - 6 A
F G - 7
F G - 7 R e p l i c a
F G - 8
F G - 9
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o n
Date & T i m e

1 1 / 1 6 / 9 3 @1610
1 1 / 1 6 / 9 3 @1527
1 1 / 1 6 / 9 3 @1435
1 1 / 1 6 / 9 3 @1435
1 1 / 1 6 / 9 3 @1420
1 1 / 1 6 / 9 3 @1305
1 1 / 1 6 / 9 3 @1244
1 1 / 1 6 / 9 3 @1 119
1 1 / 1 6 / 9 3 @1025

PH
su

7.88
6.67
7.80
7.80
7.29
7.75
7.84
7.71
8.13

A l k .
m g / l

49
5.0
45
.....
43
41
57
39
51

H a r d n e s s
m g / l

65.5
625
120

109
125

67.0
126

74.6

Pb-t Pb-d
u g / l u g / l

<1
73.0 6.0

2.6 <1
2.4

<1 <1
8.3 1.6
1.0 <1

10.4 % 1.9
2.2 <1

Mn-t
u g / l

18
24080

852
845
141
538
8.0

366
10

M n - d N l - t N l - d
u g / l u g / l u g / l

22 <15 <15
23500 ----- 69

860 <15 <15
<15

143 <15 <15
524 <15 <15
2.0 <15 <15

<1 <15 <15
<1 <15 <15

N O T E : M - t H = T o t a l Recoverab l e d" « D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : N o v e m b e r 16-17, 1993

S a m p l i n gS t a t i o n

F G - 5
F G - 6 A
F G - 7
F G - 7 R e p l i c a
F G - 8
F G - 9
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o nDate & T i m e

1 1 / 1 6 / 9 3 @1610
11/1 6/93 @1 527
1 1 / 1 6 / 9 3 @1435
11/1 6 / 9 3 @1 435
1 1 / 1 6 / 9 3 @1420
1 1 / 1 6 / 9 3 @1305
1 1 / 1 6 / 9 3 @1244
1 1 / 1 6 / 9 3 @1 119
1 1 / 1 6 / 9 3 @1025

pHsu

7.88
6.67
7.80
7.80
7.29
7.75
7.84
7.71
8.13

A l k .m g / l

49
5.0
45
.....
43
41
57
39
51

H a r d n e s sm g / l

65.5
625
120
.....

109
125

67.0
126

74.6

Zn-tu g / l

80
64930

4183
4109
1453
3411

35
2931

83

Zn-du g / l

109
60400

4198
.....

1479
3337

23
2946

60

A l - tu g / l

<40
.....
<40
<40
<40
<40
97
<40
84

A l - du g / l

<40
<40
<40
.....
<40
<40
<40
<40
<40

Fe-tu g / l

62
60620

296
256

27
171
147
127
248

Fe-du g / l

37
58400

56
-----

<5
<5

11
34

127

NOTE: "-1" = T o t a l Recoverable "•d" = D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : N o v e m b e r 16-17,1993

S a m p l i n g
S t a t i o n

F G - 5
F G - 6 A
F G - 7
F G - 7 R e p l i c a
F G - 8
F G - 9
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o n
Date & T i m e

1 1 / 1 6 / 9 3 @1610
1 1 / 1 6 / 9 3 @1527
1 1 / 1 6 / 9 3 @1435
1 1 / 1 6 / 9 3 @1435
1 1 / 1 6/93 @1420
1 1 / 1 6 / 9 3 @1305
1 1 / 1 6 / 9 3 @1244
1 1 / 1 6 / 9 3 @1119
1 1 / 1 6 / 9 3 @1025

p H
su

7.88
6.67
7.80
7.80
7.29
7.75
7.84
7.71
8.13

A l k .
m g / l

49
5.0
45
.....
43
41
57
39
51

H a r d n e s s
mg/ l

65.5
625
120
.....
109
125

67.0
126

74.6

CMug/ l

<6
.....

<6
<6
<6
<6
<6
<6
<6

Cr-d
u g / l

<6
<6
<6

.....
<6
<6
<6
<6
<6

Cu-t Cu-d
u g / l ug/ l

1.9 <1
4.2 <6

<1 <1
1.4

<1 <1
1.6 <1
1.1 <1

<1 <1
1.7 <1

Ag-t
u g / l

<0.3
<0.3
<0.3
0.3

<0.3
<0.3
<0.3
<0.3
<0.3

Ag-d
u g / l

<0.3
<0.3
<0.3
.....

<0.3
<0.3
<0.3
<0.3
<0.3

NOTE: "-t" = Total Recoverable "•d" = D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : N o v e m b e r 16-17,1993

S a m p l i n g
S t a t i o n

F G - 5
F G - 6 A
F G - 7
F G - 7 R e p l i c a
F G - 8
F G - 9
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o n
Date & T i m e

1 1 / 1 6 / 9 3 @1610
1 1 / 1 6 / 9 3 @1527
1 1 / 1 6 / 9 3 @1435
1 1 / 1 6 / 9 3 @1435
1 1 / 1 6 / 9 3 @1420
1 1 / 1 6 / 9 3 @1305
11/1 6 / 9 3 ® 1244
1 1 / 1 6 / 9 3 @1 119
1 1 / 1 6 / 9 3 @1025

pH
su

7.88
6.67
7.80
7.80
7.29
7.75
7.84
7.71
8.13

A l k .
m g / l

49
5.0
45

43
41
57
39
51

Ca
m g / I

22.98
168.1
38.62

.....
36.22
39.87
19.22
40.03
22.07

M g
m g / l

1.962
49.76
5.674
.....

4.622
6.110
4.606
6.352
4.739

H a r d n e s s
m g / l

65.5
625
120
.....
109
125

67.0
126

74.6

N a - d
m g / l

1.40
5.89
1.75
.....

1.69
2.02
2.03
2.31
2.60

K-d Cd-t
m g / l u g / l

<1 <0.5
2.1 25.0

<1 9.7
9.7

<1 4.6
<1 8.4
<1 0.6
<1 7.2
<1 0.6

Cd-d
u g / l

<0.5
21.6

9.5

4.6
7.4
<0.5
6.8
<0.5

NOTE: "-t" = T o t a l Recoverab l e "•d" = D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : N o v e m b e r 16-17,1993

S a m p l i n g
S t a t i o n

F G - 5
F G - 6 A
F G - 7
F G - 7 R e p l i c a
F G - 8
F G - 9
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o n
Date & T i m e

1 1 / 1 6 / 9 3 @1610
1 1 / 1 6 / 9 3 @1527
1 1 / 1 6 / 9 3 @1435
1 1 / 1 6 / 9 3 @1435
1 1 / 1 6 / 9 3 @1420
1 1 / 1 6 / 9 3 @1305
1 1 / 1 6 / 9 3 @1244
1 1 / 1 6 / 9 3 @1 119
1 1 / 1 6 / 9 3 @1025

— — — — — F i e l d Measur emen t s — —
F l o w T e m p Cond

c f s ° C u s l e m e n s / c m

0.5
0.7
0.3
0.3
2.2
1.3
0.6
2.4
5.0

75.8
780
139
139
134
150

74.5
144

94.0

pH
su

7.88
6.67
7.80
7.80
7.29
7.75
7.84
7.71
8.13

A l k T S S F
m g / l m g / l m g / l

49 <4 <0.2
5.0 28 1.23
45 <4 <0.2
.....
43 <4 <0.2
41 <4. <0.2
57 <4 <0.2
39 <4 <0.2
51 <4 <0.2

Cl S0 4m g / l m g / l

<0.5 18.8
2.30 842
1.57 76.2
.....

1.66 69.0
1.96 87.0
3.05 11.5
2.19 87.0
4.44 18.1

NOTE: "-t" » T o t a l Recoverab l e "-d"1 = D i s s o l v e d



F R E N C H G U L C H Q A / Q C D A T A - N o v e m b e r 16-17, 1993

S a m p l i n g
S t a t i o n

QC-1
QC-2
QC-3

S a m p l e C o l l e c t i o n
Date & T i m e

11/1 6/93 @1 625
1 1 / 1 6 / 9 3 ® 1625
1 1 / 1 6 / 9 3 @1625

D e s c r i p t i o n

Conta iner Blank
F i l t e r Blank
H N O , B l a n k

Ca
m g / l

<0.01
<0.01
<0.01

M g Hardness N a - d
m g / l m g / l m g / l

<0.05 0.0 <0.05
<0.05 0.0 <0.05
<0.05 0.0 <0.05

K - d
m g / l

< t

« '

S a m p l i n g
S t a t i o n

QC-1
QC-2
QC-3

S a m p l e C o l l e c t i o n
Date i T i m e

1 1 / 1 6 / 9 3 @1625
1 1 / 1 6 / 9 3 @1625
1 1 /1 6 / 9 3 @ 1625

D e s c r i p t i o n

Conta iner B l a n k
F i l t e r Blank
H N O , Blank

C d - d
u g / l

<0.5
<0.5
<0.5

Cr-d Cu-d A g - d
u g / l u g / l u g / l

<6 <1 <0.3
<6 <1 <0.3
<6 <1 <0.3

Zn-d
u g / l

<4
<4
<4

S a m p l i n g
S t a t i o n

QC-1
QC-2
QC-3

S a m p l e C o l l e c t i o n
Date i T i m e

1 1 / 1 6 / 9 3 ® 1625
1 1 / 1 6 / 9 3 @1625
1 1 /1 6 /93 @ 1625

D e s c r i p t i o n

Container Blank
F i l t e r B l a n k
H N O , B l a n k

A l - d
u g / l

<40
<40
<40

F e - d Pb-d M n - d
u g / l u g / l u g / l

<5 <1 <1
<5 <1 <1
<5 <1 <1

N i - d
u g / l

<15
<15
<15

N O T E : *-f = Dissolved



F R E N C H G U L C H Q A / Q C D A T A - October 2 1 , 1993

S a m p l i n g
Sta t i on

QC-1
QC-2
QC-3

S a m p l e C o l l e c t i o n
Date & T i m e

1 1 / 2 1 / 9 3 @ 1 6 1 5
1 1 / 2 1 / 9 3 @1615
1 1 / 3 1 / 9 3 @1615

Description

Container Blank
Rlter Blank
H N O 3 Blank

Ca
m g / l

0.01
0.01

<0.01

Mg Khvdnau
m g / l m g / l

<0.05 0.025
<0.05 0.025
<0.05 — — —

Na-d
m g / l

<0.05
<0.05
<0.05

K-dm g / I

<1
<1
<1

S a m p l i n g
S t a t i o n

QC-1
QC-2
QC-3

S a m p l e C o l l e c t i o n
Date & T i m e

1 1 / 2 1 / 9 3 @ 1 6 1 5
1 1 / 2 1 / 9 3 @ 1 6 1 5
1 1 / 2 1 / 9 3 @ 1 6 1 5

Descript ion

Container Blank
Rlter Blank
H N O , Blank

Cd-d
u g / l

<0.5
<0.5
<0.5

Cr-d Cu-d
u g / l ug / l

<6 <1
<6 <1
<6 <1

A g - d
u g / l

<0.3
<0.3
<0.3

Zn-d
u g / l

<4
<4
<4

S a m p l i n g
Stat ion

QC-1
QC-2
QC-3

S a m p l e C o l l e c t i o n
Date & T i m e

1 1 / 2 1 / 9 3 @1615
1 1 / 2 1 / 9 3 @ 1 6 1 5
1 1 / 2 1 / 9 3 @ 1 6 1 5

Descript ion

Container Blank
R l t e r Blank
H N O , Blank

A l - d
u g / l

<40
<40
<40

Fe-d Pb-d
u g / l u g / l

<5 <1
<5 <1
<5 <1

Mn-d
u g / I

<1
<1
<1

N i - d
u g / l

<15
<15
<15



F R E N C H G U L C H C H E M I S T R Y D A T A - A u g u s t 22-24,1994
S a m p l i n gS t a t i o n

K D S
F G - 5
F G - 5 R e p l i c
F G - 6 A
F G - 6 B
F G - 7
F G - 8
F G - 9 A
F G - 9
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o nDate & T i m e

8 / 2 3 / 9 4 ® 1250
8/23/94 @1650
8 / 2 3 / 9 4 @1650
8 / 2 3 / 9 4 @1510
8 / 2 3 / 9 4 @1545
8 / 2 3 / 9 4 @1242
8 / 2 3 / 9 4 @1340
8 / 2 3 / 9 4 @0955
8 / 2 3 / 9 4 @0905
8 / 2 3 / 9 4 @0835
8 / 2 2 / 9 4 @1745
8 / 2 2 / 9 4 @1605

p Hsu

6.56
8.60
.....

7.46
7.73

7.86
7.36
7.89
7.94
8.14
8.20
8.10

A l k .m g / l

66.3
45.5

— —
1.93

•o
47.2
43.1
49.1
45.7
54.5
49.3
53.4

H a r d n e s sm g / l

222
53.9

— —
699

1362
92.9
96.6
96.0
102

61.2
76.1
69.5

Zn-tu g / 1

5385
70.0

— —
56852

152000
2300

974
2300
2170
17.0
630

75.0

Zn-du g / l

4051
37.0

— —
63029

173000
2127

941
2304
2199
7.00
590

70.0

A l - tu g / l

449
<30
— —
194

51.0
«30
<30
<30

32.0
68.0
82.0
36.0

A l - du g / l

42.0
<30
— —
<30

59.0
<30
<30
<30
<30
<30
<30
<30

F e - tu g / l

3913
151

98.0
60374

239547
225

96.0
75.0
113
150
190

32.0

Fe-du g / l

191
17.0

— —
63998

276000
22.0
16.0
26.0
23.0
45.0
32.0

<5

NOTES: "-t" = Total Recoverable "-d" = Dis s o lv ed
* pH < 4.5; Alkalinity = 0



F R E N C H G U L C H C H E M I S T R Y D A T A - A u g u s t 22-24,1994

S a m p l i n g
S t a t i o n

K D S
F G - 5
F G - 5 R e p l i c
F G - 6 A
F G - 6 B
F G - 7
F G - 8
F G - 9 A
F G - 9
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o n
Date & T i m e

8/23/94 @1250
8 / 2 3 / 9 4 @1650
8 / 2 3 / 9 4 @1650
8 / 2 3 / 9 4 @1510
8 / 2 3 / 9 4 @1545
8 / 2 3 / 9 4 @1242
8 / 2 3 / 9 4 @1340
8 / 2 3 / 9 4 @0955

, 8 / 2 3 / 9 4 @0905
8 / 2 3 / 9 4 @0835
8 / 2 2 / 9 4 @1745
8 / 2 2 / 9 4 @1605

pHsu

6.56
8.60

— —
7.46

7.73
7.86
7.36
7.89
7.94
8.14
8.20
8.10

A l k .
m g / l

66.3
45.5

—
1.93

*0
47.2
43.1
49.1
45.7
54.5
49.3
53.4

H a r d n e s s
m g / I

222
53.9

..._
699

1362
92.9
96.6
96.0
102

61.2
76.1
69.5

Cr-t
u g / l

<5
<5

.....
<5
<5
<5
<5
<5
<5
<5
<5
<5

Cr-d Cu-t
u g / l u g / l

6.00 5.70
<5 <1

._ ——
<5 <1
<5 <1
<5 1.30
<5 <1
<5 1.30
<5 1.80
<5 <1

' < 5 < 1
<5 1.60

Cu-d A g - t
u g / l u g / l

<1 0.300
<1 <0.3

<0.3
<1 <0.3
<1 <0.3
<1 <0.3

1.10 <0.3
1.10 <0.3
1.00 <0.3
2.10 <0.3

<1 <0.3
1.40 <0.3

Ag-d
u g / l

<0.3
<0.3

— —
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3

NOTES: "-t" = Total Recoverable
* pH < 4.5; Alkalinity = 0

"-d" = Dis s o lv ed



S a m p l i n g
S t a t i o n

K D S
F G - 5
F G - 5 R e p l i c
F G - 6 A
F G - 6 B
F G - 7
F G - 8
F G - 9 A
F G - 9
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o nDate & T i m e

8 / 2 3 / 9 4 @1 250
8 / 2 3 / 9 4 @1650
8 / 2 3 / 9 4 @1650
8 / 2 3 / 9 4 @1510
8 / 2 3 / 9 4 @1545
8/23/94 @1242
8 / 2 3 / 9 4 @1340
8 / 2 3 / 9 4 @0955
8 / 2 3 / 9 4 @0905
8 / 2 3 / 9 4 @0835
8 / 2 2 / 9 4 @1745
8 / 2 2 / 9 4 @1605

p H
su

6.56
8.60

..._
7.46

7.73
7.86
7.36
7.89
7.94
8.14
8.20
8.10

A l k
mgrt

66.3
45.5

— —
1.93

*0
47.2
43.1
49.1
45.7
54.5
49.3
53.4

Ca
m g / l

54.7
19.1

— —
190
358

30.8
31.9
31.6
33.1
17.4
23.2
21.0

M g
m g f l

20.8
1.50

— —
54.5
114

3.87
4.12
4.15
4.60
4.33
4.40
4.17

H a r d n e s s
m g / l

222
53.9

— —
699

1362
92.9
96.6
96.0
102

61.2
76.1
69.5

Na-d
m g / l

7.67
1.23

— —
6.79
11.8
1.70
1.91
1.80
2.06
1.72
1.83
2.52

K-d Cd-t
m g / l u g / l

2.20 6.10
<1 <0.5

—— <0.5
2.10 22.2
3.70 60.9

<1 5.30
1.10 3.40
1.10 6.30

<1 6.10
<1 <0.5
<1 2.50

1.10 0.700

Cd-d
u g / l

2.00
<0.5
..._

20.0
60.1
5.20
3.20
5.70
5.40
<0.5

1.70
0.500

NOTES: "-t" = Total Recoverable
• pH < 4.5; Alkalinity = 0

"-d" = Dis so lved



F R E N C H G U L C H C H E M I S T R Y D A T A - A u g u s t 22-24,1994

S a m p l i n g
S t a t i o n

K D S
F G - 5
F G - 6 A
F G - 6 B
F G - 7
F G - 8
F G - 9 A
F G - 9
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o n
Date & T i m e

8/23/94 @1250
8 / 2 3 / 9 4 @ 1650
8 / 2 3 / 9 4 @1510
8 / 2 3 / 9 4 @1545
8 / 2 3 / 9 4 ® 1242
8 / 2 3 / 9 4 @1340
8 / 2 3 / 9 4 @0955
8 / 2 3 / 9 4 @0905
8 / 2 3 / 9 4 @0835
8 / 2 2 / 9 4 @1745
8 / 2 2 / 9 4 @1605

— — — — F i e l d Measurements
F l o w T e m p

c f s ° C

2.17
0.161
0.090

4.49
0.647

5.69
5.53
6.81
15.9
50.6

13.0
12.2
13.3
10.9

12.0
11.6

9.6
8.1

10.9
14.3
12.1

Cond
u m h o s / c m

400
93

1043
1912
150
145
137
137

86.6
125
111

pH
su

6.56
8.60
7.46
7.73

7.86
7.36
7.89
7.94
8.14
8.20
8.10

A l k
m g / l

66.3
45.5
1.93

•o
47.2
43.1
49.1
45.7
54.5
49,3
53.4

T S S F
m g / l m g / l

— 0.500
— <0.2
—— <0.2

<0.2
—— <0.2

<0.2
<0.2
<0.2
<0.2

—— <0.2
—— <0.2

C l
m g / l

1.40
1.13
1.78
2.25
1.25
1.23
1.26
1.41
2.07
1.62
3.18

SO,
m g / l

210
16.2
.921
2130
51.3
58.2
50.7
56.2
5.80
23.4
13.0

NOTES: "-t" = Total Recoverable
* pH < 4.5; Alkalinity = 0

"-d" = Dis so lved



F R E N C H G U L C H C H E M I S T R Y D A T A - A u g u s t 22-24,1994

S a m p l i n g
S t a t i o n

K D S
F G - 5
F G - 5 Repl i c
F G - 6 A
F G - 6 B
F G - 7
F G - 8
F G - 9 A
F G - 9
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o n
Date & T i m e

8 / 2 3 / 9 4 @1250
8 / 2 3 / 9 4 @1650
8/23/94 @1650
8 / 2 3 / 9 4 @1510
8 / 2 3 / 9 4 @ 1545
8/23/94 @1242
8 / 2 3 / 9 4 ® 1340
8 / 2 3 / 9 4 @0955
8 / 2 3 / 9 4 @0905
8 / 2 3 / 9 4 @0835
8 / 2 2 / 9 4 @1745
8 / 2 2 / 9 4 @1605

pH
su

6.56
8.60

7.46
7.73

7.86
7.36
7.89
7.94
8.14
8.20
8.10

A l k .
m g / l

66.3
45.5

1.93
•o

47.2
43.1
49.1
45.7
54.5
49.3
53.4

H a r d n e s s
m g / l

222
53.9

699
1362
92.9
96.6
96.0
102

61.2
76.1
69.5

Pb-tu g / l

24.6
3.40
3.10
85.2
226

3.20
1.60
2.70
8.60
1.30
4.80
1.20

Pb-d Mn-t
u g / l u g / l

<1 6225
<1 31.0

10.0
<1 23955

77.7 57160
<1 565
<1 117
<1 498

3.30 342
<1 13.0

L ' 4 0 1 2 0
<1 3.00

M n - d N l - t N l - d
u g / l u g / l u g / l

5345 21.0 <12
13.0 <12 <12

25670 66.0 62.0
56470 179 169

495 <12 <12
100 <12 <12
515 <12 <12
361 <12 <12

6.00 <12 <12
115 <12 <12

2.00 <12 <12

NOTES: M" = Total Recoverable "-d" = Dis so lved
* pH < 4.5; Alkalinity = 0



t I I I I I I I I I I
F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996
S a m p l i n g !S t a t i o n

F G - 1
F G - 3
F G - 5
W P - 1
K D S
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6
F G - 6 A
F G - 7
F G - 8
F G - 9 A
FG — 9 A Replicate
1121
1140
FG — 9 Day #1
FG — 9 Day #2
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o n
Date & T i m e

6/1 2/96 ©1200
6/1 2 / 9 6 ® 1005
6/1 1/96 @1623
6/1 2/96 @1200
6/1 3/96 ©1200
6/1 1 / 9 6 ® 1520
6/1 1/96 @1430
6/1 1 / 9 6 ® 1445
6/1 1/96 @1415
6/1 1/96 ©1350
6/1 1/96 ©1200
6/1 1 / 9 6 @1 120
6/1 1 / 9 6 ® 1030
6/1 1/96 @1 030
6/1 3/96 @1 31 5
6 / 1 3 / 9 6 @1335
6/1 0/96 @1 638
6/1 1 /96 @0956
6/1 0 / 9 6 ® 1605
6/1 0 /96® 1520
6/1 0/96 @1 420

PHsu

7.74
7.58
7.50
2.94
5.78
6.05
6.43
fi QQ

4.62
6.31
7.62
7.55
7.45

6.35
3.98
7.55
7.74
7.92
7.95
7.94

A l k .
m g / l

28.9
31.7
30.7

<5
37.1
41.6

<5
<5

32.7
32.7
32.2

21.9
<5

30.1

47.9
43.5
41.5

Hardnes sm g / l

37.2
38.5
37.4

4980
296

2020

1070
722

67.6
55.1
65.1

215
728

65.0

54.1
58.0
54.2

Mn-t

19.1
17.1
57.3

1276690
13984.0
142437

28201 .9
29040.8

733.9
100.4
600.5
5873

5682.9
30124.9

312.0
Q ' i - 1 Q

22.8
94.6
66.8

Mn-d N i - t N i - d

21.1 <10 <10
2.5 <10 <10
5.9 <10 <10

1136130 1675 1377
14960.0 38.3 40.9
150617 371.5 364.7
--- - 121 2

27681.4 119.1 116.6
29589.3 87.0 88.9

711.4 <10 <10
93.9 <10 <10

567.8 <10 <10

5775.2 13.9 15.9
31901.6 79.5 81.3

284.4 <10 <10

8.7 <10 <10
82.7 <10 <10
25.5 <10 <10

As-t

1.3
<0.8

1.9
95.5
<0.8

7.6
2.2

^*f\ Q

7.7
2.0
1.3

<0.8
<0.8

<0.8
1.4

<0.8
jff\ Q

<0.8
<0.8
<0.8

A s - d

<0.8
<0.8
<0.8
39.2
<0.8

7.5

2.3
<0.8
<0.8
<0.8
<0.8

<0.8
<0.8
<0.8

<0.8
<0.8
<0.8

NOTE: "-f = T o t a l Recoverable •-d" = Dis s o lv ed



F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996

S a m p l i n g
S t a t i o n

F G - 1
F G - 3
F G - 5
W P - 1
K D S
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6
F G - 6 A
F G - 7
F G - 8
F G - 9 A
FG — 9 A Replicate
1121
1140
F G ~ 9 D a y # 1
FG-9 Day #2
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o nDate & T i m e

6 / 1 2 / 9 6 @1200
6/1 2/96 @1 005
6/11 /96@1 623

. 6/1 2/96 @1200
6/1 3/96 ©1200
6/1 1/96 @1 520
6/1 1/96® 1430
6/1 1/96 @1 445
6 / 1 1 / 9 6 @1415
6/1 1/96 ®1 350
6 / 1 1 / 9 6 ® 1200
6 / 1 1 / 9 6 @ 1 1 2 0
6/1 1/96 @1 030
6 / 1 1 / 9 6 @ 1 0 3 0
6/1 3/96 @1 31 5
6/1 3/96 @1 335
6/1 0/96 @1 638
6 / 1 1 / 9 6 @ 0 9 5 6
6/1 0/96 ©1605
6 / 1 0 / 9 6 ® 1520
6/1 0/96 ©1420

pHsu

7.74
7.58
7.50
2.94
5.78
6.05
a At
C QQ

4.62
6.31
7.62
7.55
7.45

6.35
3.98
7.55
7.74
7.92
7.95
7.94

A l k .m g / l

28.9
31.7
30.7

<5
37.1
41.6

<5
<5

32.7
32.7
32.2

21.9
<5

30.1

47.9
43.5
41.5

Hardne s sm g / l

37.2
38.5
37.4

4980
296

2020

1070
722

67.6
55.1
65.1

215
728

65.0

54.1
58.0
54,2

Zn-tp g / i

15.9
13.2
46.2

3538000
9839.4

308100
i 1 on7n
6514.9
131930

85914
2673.5

749.0
2287.6
2271 .2
17601
78892

2096.8
f\ i QQ f\

18.6
599.5
268.8

Zn-d
P f l / l

14.6
10.4
23.4

3105000
10460

298190

129150
86202

2681.4
753.5

2239.1

18183
83845

2072.8

12.4
589.4
242.7

A l - tp g / i

356
248
888

114510
222
589
300
<40

3001
713
271
174
249
240

94
718
181
4 O9

398
233

1275

A l - d/ * g / i

146
<40
<40

95654
163
371

2241
<40
<40
<40
<40

<40
679
<40

<40
<40
<40

F e - twfl

446.5
263.2
953.1

837588
1795.4

301040
106900
OCOQ f\

171854
82211.1

749.2
277.3
668.1
585.2

1088.1
36358.3

366.3
Om f\

386.3
275.0

1256.5

F e - dp g / i

193.3
7.3

19.1
694200
1508.0

299948

155972
73377.2

166.0
50.8

135.0

519.5
34111.9

83.5

20.5
37.9
27.9

Pb-t/ j g / i

4.2
4.0

17.0
5490.4

2.2
463.4
4 QO Q

*~f\ ft

187.2
102.1

19.5
8.4

16.3
4 Q Q

9.9
82.0
11.8
10.4

1.9
4.1
4.5

Pb-dfan

3.6
<0.8
<0.8

744.3
<0.8

255.3

65.4
1.3
4.1
0.9
3.5

<0.8
56.7

4.1

<0.8
<0.8
<0.8

N O T E : "-r = T o t a l Recoverable -d* = Di s s o lv ed



F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996
S a m p l i n g !S t a t i o n

F G - 1
F G - 3
F G - 5
W P - 1
K D S
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6
F G - 6 A
F G - 7
F G - 8
F G - 9 A
FG — 9A Replicate
1121
1140
F G - 9 Day#1
F G - 9 Day #2
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o nDate & T i m e

6 / 1 2 / 9 6 @1200
6/1 2/96 @1 005
6 / 1 1 / 9 6 @ 1 6 2 3
6/1 2/96 @1200
6 / 1 3 / 9 6 ©1200
6 / 1 1 / 9 6 @ 1 5 2 0
6/1 1 /96 ©1430
6 / 1 1 / 9 6 ©1445
6/1 1/96 ©1415
6/1 1/96 ©1350
6/1 1/96 ©1200
6/1 1/96 ©1120
6/1 1/96 ©1030
6/1 1/96 ©1030
6 / 1 3 / 9 6 ©131 5
6/1 3/96 ©1335
6/1 0/96 ©1638
6/1 1 / 9 6 ©0956
6 / 1 0 / 9 6 ©1605
6/1 0/96 ©1520
6/1 0/96 ©1420

pHsu

7.74
7.58
7.50
2.94
5.78
6.05
A A1
fi OQ

4.62
6.31
7.62
7.55
7.45

6,35
3.98
7.55
7.74
7.92
7.95
7.94

A l k .m g / l

28.9
31.7
30.7

<5
37.1
41.6

<5
<5

32.7
32.7
32.2

21.9
<5

30.1

47.9
43.5
41.5

Hardnessm g / l

37.2
38.5
37.4

4980
296

2020

1070
722

67.6
55.1
65.1

215
728

65.0

54.1
58.0
54.2

Cd-t
P S / I

<0.5
<0.5
<0.5

22500
17.1
372

QA f\
~7 fl

305
100
7.2
3.7
6.9

6 4

36.2
89.5

6.3
*7 C

<0.5
2.0
0.9

Cd-d/ * g / i

<0.5
0.5

<0.5
19800

17.7
381

309
102
8.1
2.8
7.1

37.6
95.3

5.7

<0.5
1.5
0.9

Cr-tp g / i

<4
4.0
<4

<40
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

Cr-dp g / i

<4
<4
<4
<4
<4
<4

<4
<4
<4
<4
<4

<4
<4
<4

<4
<4
<4

Cu-tp g / i

1.4
<0.8

6.0
9575.2

11.4
8.9

4 C 4

O R

222.0
49.2

6.6
5.0
3.3
3 4

8.5
46.7

5.9
5.7
5.7
5.1
4.6

Cu-dp g / i

1.4
0.9
1.8

8393.4
6.7
6.7

193
20.5

2.3
1.6
2.1

5.0
40.1

2.7

1.3
1.8
2.4

A g - tp g / i

<0.2
<0.2
<0.2
25.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
0.20
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

A g - dp g / i

<0.2
<0.2
<0.2
1.10

<0.2
<0.2

<0.2
<0.2
<0.2
<0.2
<0.2

<0.2
<0.2
<0.2

<0.2
<0.2
<0.2

N O T E : "-t" = T o t a l Recoverable •-d" = Dis s o lv ed



i i i i i 1 I i i i i i i iF R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996
S a m p l i n g S a m p l e C o l l e c t i o nS t a t i o n Date & T i m e

F G - 1
F G - 3
F G - 5
W P - 1
K D S
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6
F G - 6 A
F G - 7
F G - 8
F G - 9 A
FG — 9A R o p l i c a l e
1121
1140
F G - 9 Day#1
F G - 9 Day #2
BR-1
BR-2
BR-3

6 / 1 2 / 9 6 @1200
6/1 2/96 @1 005
6 / 1 1 / 9 6 @ 1 6 2 3
6 / 1 2 / 9 6 @1200
6/1 3/96 @1200
6/1 1 / 9 6 @1520
6/1 1 / 9 6 @ 1430
6 / 1 1 / 9 6 @ 1 4 4 5
6 / 1 1 / 9 6 @1415
6 / 1 1 / 9 6 @ 1 3 5 0
6/1 1/96 @1200
6 / 1 1 / 9 6 @ 1 1 2 0
6 / 1 1 / 9 6 @ 1 0 3 0
6 / 1 1 / 9 6 @ 1 0 3 0
6 / 1 3 / 9 6 @1315
6/1 3/96 @1 335
6 / 1 0 / 9 6 ® 1638
6 / 1 1 / 9 6 @ 0 9 5 6
6/1 0/96® 1605
6/1 0/96 @1 520
6/1 0/96 ©1420

Fm g / l

<0.2
<0.2
<0.2
<0.2
0.26
<0.2

<0.2
<0.2
<0.2
<0.2
<0.2

<0.2
<0.2
<0.2

<0.2
<0.2
<0.2

Cl
m g / l

1.03
1.05
1.05
2.02
<0.5
8.07

2.08
2.16
1.21
1.27
1.06

1.51
2.11
1.33

1.81
1.69
2.28

S04m g / l

9.0
9.1
9.1

17600
317

4120

2360
1150
35.8
20.9
32.3

215
1160
36.7

6.4
14.3
12.7

Brm g / l

<0.5
<0.5
<0.5
<0.5
<0.5
1.01

<0.5
<0.5
<0.5
<0.5
<0.5

<0.5
<0.5
<0.5

<0.5
<0.5
<0.5

T O G H g - t Ca-dm g / l p g / l m g / l

2.1 <0.2 13.20
2 1 40 CQ

2.1 ——— 13.23
8.3 0.40 394.8

<1.5 ——— 67.20
<1.5 <0.2 477.4

<1.5 <0.2 269.8
<1.5 <0.2 184.0

1.8 <0.2 21.75
I K 4 Q OQ

1.9 ——— 21.09

<1.5 —— 60.77
<1.5 ——— 190.6

1 .9 20.77

PR 1*5 Q1

2.4 - 17.55
2 0 ic no

M g - dm g / l

1.03
1.11
1.07

968.9
31.10
201.4

95.59
63.84

3.23
2.23
3.03

15.36
61.22

3.18

0 Cf\

3.44
3.41

Hardne s sm g / l

37.2
38.5
37.4

4980
296

2020

1070
722

67.6
55.1
65.1

215
728

65.0

541
CQ n

54.2

I

t
N a - dm g / l

0.94
0.95
0.95

77.40
7.58

12.93

9.06
5.87
1.26
1.23
1.21

2.52
5.92
1.33

1 QC

1.41
1.84

K - dm g / l

<t

<1
<1
6.8
1.6
4.1

3.2
2.0
<1
<1
<1

<1
2.2
<1

« '
N O T E : ' - f = T o t a l Recoverable -d" = Di s s o lv ed



F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996

S a m p l i n g S a m p l e C o l l e c t i o nS t a t i o n Date & T i m e

F G - 1
F G - 3
F G - 5
WP.-1
K D S *
F G - 6 C
F G - 6 B
F G - G D
F G - 6
F G - 6 A
F G - 7
F G - 8
F G - 9 A
FG — 9 A R e p l i c a t e
1121*
1140*
F G - 9 Day#1
F G - 9 Day #2
BR-1
BR-2
BR-3

6/1 2/96 @1200
6/1 2/96 @1 005
6 / 1 1 / 9 6 @1 623
6/1 2/96 @1200
6/1 3/96 @1200
6/1 1/96 @1520
6/1 1/96 @1430
6 / 1 1 / 9 6 @ 1 4 4 5
6/1 1/96 @1 41 5
6/1 1/96 @1 350
6 / 1 1 / 9 6 @1200
6 / 1 1 / 9 6 @1 120
6/1 1/96 @1 030
6/1 1/96 ®1 030
6/1 3/96 @1 31 5
6 / 1 3 / 9 6 ® 1335
6/1 0 /96® 1638
6 / 1 1 / 9 6 @ 0 9 5 6
6/1 0/96 @ 1605
6/1 0 /96® 1520
6/1 0/96 @1 420

F l o wc f s

56.4
61.1
34.4

0.062
0.427 .

0.117
0.544

49.9
15.1
69.7

_ _ _ _ _
73.0
74.0
141
240
381

T e m p•c

5.2
3.8
6.3
6.8
6.8
7.4
8.2
3.8

16.5
12.8
5.2
4.8
5.0

3.4
4.0
6.6
4.7
9.5

10.6
10.6

- F i e l d Measurement s -Cond Cond
^mhos/cm j o i e m e n s / c m

66.3
71.8
65.2

10090
531

3080

2100
1306

124
99.4

411
1281

128

89.7
99.7
103

4 71 .6
4 76.8
4 71 .9

4 10905
616

4 3405

4 2294
4 1447

4 135
4 108

475
1452
4 138

4 97.9
4 109
4 110

PHsu

7.74
7.58
7.50
2.94
5.78
6.05
6.43
6.99
4.62
6.31
7.62
7.55
7.45

6.35
3.98
7.55
7.74
7.92
7.95
7.94

DOm g / l

9.70
10.55

8.93

1.7
3.66
7.38

6.65
7.21
9.46
9.72
10.1

3.3
2.82
8.13
10.2
7.71
7.80

A l km g / l

28.9
31.7
30.7

<5
37.1
41.6

<5
<5

32.7
32.7
32.2

21.9
<5

30.1

47.9
43.5
41.5

T S Sm g / l

6
4
9

210
<4
40

37
34

5
<4
<4

<4
9

<4

5
6

24

N H ,m g / l

<0.05
<0.05
<0.05

0.65
<0.05

0.30

0.09
0.13

<0.05
<0.05
<0.05

<0.05
0.15

<0.05

<0.05
<0.05
<0.05

N c y n o ,
m g / l

0.08
0.07
0.06
0.81

<0.05
<0.05

<0.05
<0.05

0.07
0.07

<0.05

<0.05
0.06
0.08

0.06
0.07
0.08

P04m g / l

0.03
0.02
0.03
0.36

<0.02
<0.02

<0.02
<0.02

0.02
0.02

<0.02

<0.02
<0.02
<0.02

<0.02
0.02
0.03

* F i e l d measurements for these sites were taken by USGS.
A EPA conductivi t ie s were taken In the lab due to prob l ems with the probe in the f i e l d . C o n d u c t i v i t i e s wereo r i g i n a l l y measured in / / m h o s / c m but were corrected to / i s i e m e n s / c m us ing a YSI f o r m u l a .



F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996
S a m p l i n g . <S t a t i o n

F G - 1
F G - 3
F G - 5
W P - 1
K D S
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6
F G - 6 A
F G - 7
F G - 8
F G - 9 A
FG — 9 A Repl i ca t e
1121
1140
F G - 9 Day*1
F G - 9 Day #2
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o nDate & T i m e

6 / 1 2 / 9 6 ©1200
6/1 2/96 ©1005
6/1 1/96 ©1623
6/1 2/96 ©1200
6/1 3/96 ©1200
6/1 1 / 9 6 ©1520
6/1 1/96 ©1430
6 / 1 1 / 9 6 ©1445
6/1 1/96 ©1415
6/1 1/96 ©1350
6/1 1/96 ©1200
6/1 1/96 ©1120
6/1 1 / 9 6 ©1030
6/1 1 / 9 6 ©1030
6/1 3/96 ©131 5
6/1 3/96 ©1335
6/1 0/96 ©1638
6/1 1/96 ©0956
6/1 0/96 ©1605
6/1 0/96 ©1520
6 / 1 0 / 9 6 ©1420

p Hsu

7.74
7.58
7.50
2.94
5,78
6.05
6.43
ft QQ

4.62
6.31
7.62
7.55
7.45

6.35
3.98
7.55
7.74
7.92
7.95
7.94

A l k .m g / l

28.9
31.7
30.7

<5
37.1
41.6

<5
<5

32.7
32,7
32.2

21.9
<5

30.1

47.9
43.5
41.5

Hardnooam g / l

37.2
38.5
37.4
4980

296
2020

1070
722

67.6
55.1
65.1

215
728

65.0

54.1
58.0
54.2

Mn-tp a / I

19.1
17.1
57.3

1276690
13984.0
142437

AK1 Q£ 1

o/vao 1

28201.9
29040.8

733.9
100.4
600.5

5682.9
30124.9

312.0
° .1 1 Q

22.8
94.6
66.8

Mn-d N i - t N i - dp g / l p a / I p g / l

21.1 <10 <10
2.5 <10 <10
5.9 <10 <10

1136130 1675 1377
14960.0 38.3 40.9
150617 371.5 364.7

----- 121 2

27681.4 119.1 116.6
29589.3 87.0 88.9

711.4 <10 <10
93.9 <10 <10

567.9 <10 <10

5775.2 13.9 15.9
31901.6 79.5 81.3

284.4 <10 <10
<10

8.7 <10 <10
82.7 <10 <10
25.5 <10 <10

As-t

1.3
<0.8

1.9
95.5
<0.8

7.6
2.2

- x f l O

7.7
2.0
1.3

<0.8
<0.8
.f-n o

<0.8
1.4

<0.8
-̂n B

<0.8
<0.8
<0.8

As-dp a / i

<0.8
<0.8
<0.8
39.2

<0.8
7.5

2.3
<0.8
<0.8
<0.8
<0.8

<0.8
<0.8
<0.8

<0.8
<0.8
<0.8

NOTE: '-V = T o t a l Recoverable •—d" = Dis s o lv ed



F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996

S a m p l i n g iS t a t i o n

F G - 1
F G - 3
F G - 5
W P - 1
K D S
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6
F G - 6 A
F G - 7
F G - 8
F G - 9 A
FG — 9 A Rapl i ca t e
1121
1140
FG — 9 Day#1
FG-9 Day #2
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o nDate & T i m e

6/1 2/96 @1200
6/1 2/96 ©1005
6/1 1/96 ©1623
6/1 2/96 ©1200
6/1 3/96 ©1200
6/1 1/96 ©1520
6/1 1/96 ©1430
6/1 1/96 @1 445
6/1 1/96 ©141 5
6/1 1/96 ©1350
6/1 1/96 @1200
6/1 1/96 ©1120
6/1 1/96 ©1030
6/1 1/96 ©1030
6/1 3/96 ©131 5
6/1 3/96 ©1335
6 / 1 0 / 9 6 ©1638
6/1 1/96 ©0956
6/1 0/96 ©1605
6/1 0/96 ©1520
6/1 0/96 ©1420

PHsu

7.74
7.58
7.50
2.94
5.78
6.05
6.43
R QQ

4.62
6.31
7.62
7.55
7.45

6.35
3.98
7.55
7.74
7.92
7.95
7.94

A l k .m g / l

28.9
31.7
30.7

<5
37.1
41.6

<5
<5

32.7
32.7
32.2

21.9
<5

30.1

47.9
43.5
41.5

H a r d n e s sm g / l

37.2
38.5
37.4

4980
296

2020

1070
722

67.6
55.1
65.1

215
728

65.0

54.1
58.0
54.2

Zn-tp g / i

15.9
13.2
46.2

3538000
9839.4

308100
1 4 OR7O

6514.9
131930

85914
2673.5

749.0
2287.6
2271.2

17601
78892

2096.8
01 ^R n

18.6
599.5
268.8

Zn-d
M / l

14.6
10.4
23.4

3105000
10460

298190

129150
86202

2681.4
753.5

2239.1

18183
83845

2072.8

12.4
589.4
242.7

A l - t
/ * 9 / l

356
248
688

114510
222
589
300
<40

3001
713
271
174
249
240

94
718
181
4 QO

398
233

1275

A l - dp g / l

146
<40
<40

95854
163
371

2241
<40
<40
<40
<40

<40
679
<40

<40
<40
<40

F e - tp g / i

446.5
263.2
953.1

837588
1795.4

301040
1 f i R Q f i n
OCOQ f\

171854
82211.1

749.2
277.3
668.1

1088.1
36358.3

366.3
281.0
386.3
275.0

1256.5

F e - d^g/ i

193.3
7.3

19.1
694200
1508.0

299948

155972
73377.2

166.0
50.8

135.0

519.5
34111.9

83.5

20.5
37.9
27.9

Pb-tp g / i

4.2
4.0

17.0
5490.4

2.2
463.4
182.9

187.2
102.1

19.5
8.4

16.3
| 0 Q

9.9
82.0
11.8
10.4

1.9
4.1
4.5

Pb-d
M 3 / I

3.6
<0.8
<0.8

744.3
<0.8

255.3

65.4
1.3
4.1
0,9
3.5

<0.8
56.7

4.1

<0.8
<0.8
<0.8

NOTE: "-r = T o t a l Recoverable •-d" = D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996
S a m p l i n g >
S t a t i o n

F G - 1
F G - 3
F G - 5
W P - 1
K D S
F G - 6 C
C/> CDria~ OtJF f i — f i n
F G - 6
F G - 6 A
F G - 7
F G - 8
F G - 9 A
FG — 9A R e p l l c a t o
1121
1140
F G - 9 D a y J I
F G - 9 Day #2
BR-1
BR-2
BR-3

S a m p l e Co l l e c t i onDate & T i m e

6 / 1 2 / 9 6 ©1200
6 / 1 2 / 9 6 ©1005
6 / 1 1 / 9 6 @ 1 6 2 3
6 / 1 2 / 9 6 @1200
6/1 3/96 ©1200
6/1 1/96 ©1520
6/1 1/96 ©1430
6/1 1/96 ©1445
6/1 1/96 ©1415
6/1 1 / 9 6 ©1350
6/1 1/96 ©1200
6/1 1 / 9 6 ©1120
6/1 1/96 ©1030
6 / 1 1 / 9 6 ©1030
6/1 3/96 ©1315
6/13/96 ©1335
6/1 0/96 ©1638
6/1 1/96 ©0956
6 / 1 0 / 9 6 ©1605
6/1 0/96 ©1520
6/1 0/96 ©1420

PHsu

7.74
7.58
7.50
2.94
5.78
6.05

R QQ

4.62
6.31
7.62
7.55
7.45

6.35
3.98
7.55
7.74
7.92
7.95
7.94

A l k .n i g / I

28.9
31.7
30.7

<5
37.1
41.6

<5
<5

32.7
32.7
32.2

21.9
<5

30.1

47.9
43.5
41.5

Hardnessmg/1

37.2
38.5
37.4

4980
296

2020

1070
722

67.6
55.1
65.1

215
728

65.0

54.1
58.0
54.2

Cd-t
P 9 / I

<0.5
<0.5
<0.5

22500
17.1
372

94.5
7 R

305
100
7.2
3.7
6.9

36.2
89.5

6.3
7.6

<0.5
2.0
0.9

Cd-d/ * a / i

<0.5
0.5

<0.5
19800

17.7
381

309
102
8.1
2.8
7.1

37.6
95.3

5.7

<0.5
1.5
0.9

Cr-tp g / i

<4
4.0
<4

<40
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

Cr-dp a / i

<4
<4
<4
<4
<4
<4

<4
<4
<4
<4
<4

<4
<4
<4

<4
<4
<4

Cu-tp a / i

1.4
<0.8

6.0
9575.2

11.4
8.9

16.1
9 q

222.0
49.2

6.6
5.0
3.3

3 4

8.5
46.7

5.9
5.7
5.7
5.1
4.6

Cu-dp g / i

1.4
0.9
1.8

8393.4
6.7
6.7

193
20.5

2.3
1.6
2.1

5.0
40.1

2.7

1.3
1.8
2.4

A g - tp g / i

<0.2
<0.2
<0.2
25.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
0.20
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

A g - d
P 9 / I

<0.2
<0.2
<0.2
1.10
<0.2
<0.2

<0.2
<0.2
<0.2
<0.2
<0.2

<0.2
<0.2
<0.2

<0.2
<0.2
<0,2

N O T E : ' - ! T o t a l Recoverable •-d" = D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996
S a m p l i n g !S t a t i o n

F G - 1
F G - 3
W P - 1
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6
F G - 6 A
F G - 7
F G - 8
FG — QA
FG — 9 A R e p l i c a t e
1121
1140
FG — 9 Day #1
FG — 9 Day #2
BR-1
BR-2
BR-3

S a m p l e C o l l e c t i o nDate & T i m e

6 / 1 2 / 9 6 ©1200
6 / 1 2 / 9 6 ©1005
6/1 1 / 9 6 ©1623
6 / 1 2 / 9 6 ©1200
6/1 3/96 ©1200
6/1 1 / 9 6 ©1520
6/1 1/96 ©1430
6 / 1 1 / 9 6 @ 1 4 4 5
6/1 1/96 ©1415
6/1 1 / 9 6 ©1350
6/1 1/96 ©1200
6/1 1/96 ©1120
6/1 1 / 9 6 ©1030
6 / 1 1 / 9 6 ©1030
6 / 1 3 / 9 6 ©1315
6/1 3/96 ©1335
6 / 1 0 / 9 6 ©1638
6/1 1/96 ©0956
6 / 1 0 / 9 6 ©1605
6 / 1 0 / 9 6 ©1520
6/1 0/96 ©1420

Fm g / l

<0.2
<0.2
<0.2
<0.2
f i 9 f i

<0.2

<0.2
<0.2
<0.2
<0.2
<0.2

<0.2
<0.2
<0.2

<0.2
<0.2
<0.2

Clm g / l

1.03
1.05
1.05
2.02
<0.5
8.07

2.08
2.16
1.21
1.27
1.06

1.51
2.11

1 R1

1.69
9 9f t

SO,m g / l

9.0
9.1
Q 1

17600
Q17

4120

2360
1150
35.8
O f ) q

qo q

215
1160
qc *7

6.4

12.7

Brm g / l

<0.5
<0.5
<0.5
<0.5
<0 5
1.01

<0.5
<0.5
<0.5
<0.5
<0.5

<0.5
<0.5
<0.5

<0.5
<0.5
<0.5

T O G H g - t Ca-dm g / l / i g / l m g / l

2.1 <0.2 13.20
2 1 •< q CQ

2.1 ——— 13.23
8.3 0.40 394.8

^ i R C7 Ort

<1.5 <0.2 477.4

<1.5 <0.2 269.8
<1.5 <0.2 184.0

1.8 <0.2 21.75
1.5 ——— 18.38

1 Q 91 flQ

<1.5 ——— 60.77
<1.5 ——— 190.6

1.9 —— 7- 20.77

o a 1 R Q1

2.4 -- 17.55
o Q AC no

M g - dm g / l

1.03
1.11
1.07

968.9
31.10
201.4

95.59
63.84

3.23
9 9^

q nq

15.36

3 1 g

3.44
3.41

Hardne s sm g / l

37.2

37.4
4980

2020

1070
722

67.6
CC 4

215
79 A

65.0

54.1

54.2

N a - dm g / l

0.94
n QR

77.40

12.93

9.06
5.87
1.26

1.21

2.52
R Q9

1 ^

I qc

1.41
1.84

K - dm g / l

<i
6.8
1 (5

4.1

3.2
2.0

2.2

NOTE: *-r = T o t a l Recoverable " —d" = D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996

S a m p l i n g S a m p l e C o l l e c t i o nS t a t i o n Date & T i m e

F G - 1
F G - 3
F G - 5
W P - 1
K D S *
F G - 6 C
F G - 6 B
F G - G D
F G - 6
F G - 6 A
F G - 7
F G - 8
F G - 9 A
FG — 9 A Repl i ca t e
1121*
1140*
F G — 9 D a y f l
FG — 9 Day #2
BR-1
BR-2
BR-3

6 / 1 2 / 9 6 @1200
6/1 2/96 @1 005
6 / 1 1 / 9 6 ® 1623
6/1 2/96 @1200
6/1 3/96 @1200
6 / 1 1 / 9 6 ©1520
6/1 1/96 ©1430
6/1 1/96 ©1445
6 / 1 1 / 9 6 @ 1 4 1 5
6 / 1 1 / 9 6 @ 1 3 5 0
6/1 1/96 ©1200
6/1 1/96 ©1120
6 / 1 1 / 9 6 @ 1 0 3 0
6 / 1 1 / 9 6 ©1030
6/1 3/96 ©131 5
6/1 3/96 ©1335
6 / 1 0 / 9 6 ©1638
6/1 1/96 @0956
6/1 0/96 ©1605
6 / 1 0 / 9 6 ©1520
6/1 0/96 ©1420

F l o w
c f s

56.4
61.1
34.4

0.062
0.427

0.117
0.544

49.9
15.1
69.7

_ _ _ _ _

73.0
74.0
141
240
381

T e m p•c

5.2
3.8
6.3
6.8
6.8
7.4
8.2
3.8

16.5
12.8

5.2
4.8
5.0

3.4
4.0
6.6
4.7
9.5

10.6
10.6

- Field Measurement s -Cond Cond
/ i t n h o s / c m / S i e m e n s / c m

66.3
71.8
65.2

10090
531

3080

2100
1306

124
99.4

_ _ _ _ _

411
1281

128

89.7
99.7
103

' 7 1 . 6
' 7 6 . 8
' 7 1 . 9

4 10905
616

"3405

' 2 2 9 4
"1447

' 1 3 5
M08

_ _ _ _ _

475
1452

' 1 3 8

' 9 7 . 9
A 1 0 9
M 1 0

p Hsu

7.74
7.58
7.50
2.94
5.78
6.05
6.43
6.99
4.62
6.31
7.62
7.55
7.45

6.35
3.93
7.55
7.74
7.92
7.95
7.94

DO
m g / l

9.70
10.55

8.93

1.7
3.66
7.38

6.65
7.21
9.46
9.72
10.1

3.3
2.82
8.13
10.2
7.71
7.80

_ _ _ _ _

A l km g / l

28.9
31.7
30.7

<5
37.1
41.6

<5
<5

32.7
32.7
32.2

21.9
<5

30.1

47.9
43.5
41.5

T S Sm g / l

6
4
9

210
<4
40

37
34

5
<4
<4

<4
9

<4

5
6

24

N H ,m g / l

<0.05
<0.05
<0.05

0.65
<0.05

0.30

0.09
0.13

<0.05
<0.05
<0.05

<0.05
0.15

<0.05

<0.05
<0.05
<0.05

N c y N O ,
m g / l

0.08
0.07
0.06
0.81

<0.05
<0.05

<0.05
<0.05

0.07
0.07

<0.05

<0.05
0.06
0.08

0.06
0.07
0.08

PO,m g / l

0.03
0.02
0.03
0.36

<0.02
<0.02

<0.02
<0.02

0.02
0.02

<0.02

<0.02
<0.02
<0.02

<0.02
0.02
0.03

* Field measurements for these s i t e s were taken by USGS.
A EPA conduc t iv i t i e s were taken in the lab due to p r o b l e m s wi th the probe in the f i e l d . C o n d u c t i v i t i e s wereo r i g i n a l l y measured in / j m h o s / c m but were corrected to / i s i e m e n s / c m u s ing a YSI f o r m u l a .



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996
S a m p l i n gS t a t i o n

F G - 1
F G - 3
F G - 5
C B M A - 1
F G - 6 C
F G - 6 B
FG 6D
F G - 6 A
F G - 7
F G - 8
F G - 9 A
1121
M G B - 1
R L C V T - . 1
F G - 9
FG— 9 Day #2
BR-1
BR-2
BR-3
S R - 1
S R — 1 R e p l i c a t e
BR-5
BR — 5 R e p l i c a t e

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 2 / 9 6 @ 1850
7 / 2 2 / 9 6 @ 1750
7 / 2 2 / 9 6 @ 1655
7/23/96 @1 435
7 / 2 2 / 9 6 @1620
7/22/96 @1550
7 / 2 2 / 9 6 @1 605
7/22/96 @1525
7/22/96 @ 1445
7 / 2 2 / 9 6 @ 1405
7/22/96 @1 330
7/23/96 @1 525
7/23/96 @1 353
7/23/96 @ 1345
7 / 2 2 / 9 6 @ 1230
7/23/96 @ 1255
7/23/96 @1215
7/23/96 @1 140
7/23/96 @1 000
7/23/96 @1 100
7/23/96 @1 100
7/23/96 @091 5
7/23/96 @091 5

PHsu

7.87
8.04
8.01
7.47
6.32
6.47
6.62
6.24
7.67
7.74
7.87
6.70
7.66
7.50
7.75
7.52
8.12
8.24
8.02
7.93

8.01

A l km g / l

32.9
38.3
38.6
124

14.0
' 5 . 4 0

<5
39.6
38.3
39.4
24.0
33.5
33.9
34.5 .

37.9
36.8
39.9
39.7

41.6

H a r d n e s sm g / l

40.6
46.4
46.1
224

1720
1230

90S
96.2
63.6
84.7
446

81.5
86.1
83.7

41.7
48.8
50.1
49.9

52.3
51.5

F e - t/ j g / i
40.7
35.0
26.3

1095.7
355400
174250
oncf\ ~j

109870
283.7
118.6
153.4
417.1
297.3

46.5
38.4
44.0

150.7
133.7
194.4

72.6
d~7 O

116.3

F e - dp g / i
14.0

<5
18.1

526.9
339140
163200

95411
96.8

5.6
28.6

117.1
<5
<5

38.2

20.6
20.2

6.8
6.3

<5
<5

Pb-tp g / r
<0.8
<o.e
<0.8

1.9
397.47
230.39

**"f\ ft

144.68
6.5
3.7
4.2

45.76
4.7
1.4
5.6
5.5
1.2
1.1

<0.8
<0.8
**t\ R
<0.8

Pb-dp g / i
<o.e
<0.8
<0.8
<0.8
59.0
12.8

1.1
0.9

<O.B
<0.8
23.7
<0.8
<0.8

3.4

<0.8
<0.8
<0.8
<0.8

<0.8
,*r\ Q

Mn-t/ j g / i
4.8
5.0
2.8

892.3
98609.0
60213.8

42337.3
1165.6

19.7
804.9

17213.7
8.5

11.7
32.5
Q4 •}

18.7
20.9

9.8
7.6
7.4
7.6

Mn-d/ j g / i
6.0
3.6
6.8

862.4
100857

60635.5

41105.8
1119.1

15.8
777.8

17746.9
1.4
7.2

30.7

6.1
9.7
3.2
4.4

3.7
3.4

NOTE: "-f = T o t a l Recoverable "-d" = D i s s o l v e d



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996
S a m p l i n gS t a t i o n

F G - 1
F G - 3
F G - 5
C B M A - 1
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6 A
F G - 7
F G - 8
F G - 9 A
1121
M G B - 1
R L C V T - 1
F G - 9
FG— 9 Day #2
BR-1
BR-2
BR-3
S R - 1
S R — 1 R e p l i c a t e
BR-5
BR — 5 R e p l i c a t e

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 2 / 9 6 @ 1850
7/22/96 @1750
7/22/96 @ 1655
7/23/96 @1435
7/22/96 @1620
7/22/96 @1550
7/22/96 @1605
7/22/96 @1525
7/22/96 @1445
7/22/96 @ 1405
7/22/96 @1330
7/23/96 @1525
7/23/96 @1353
7 / 2 3 / 9 6 @1345
7 / 2 2 / 9 6 @1230
7 / 2 3 / 9 6 @1255
7/23/96 @ 121 5
7/23/96 @1 140
7/23/96 @1000
7 / 2 3 / 9 6 @1 100
7 / 2 3 / 9 6 @1100
7/23/96 @0915
7/23/96 @0915

PHsu

7.87
8.04
8.01
7.47
6.32
6.47
gi f*n

6.24
7,67
7.74
7,87
6.70
7.66
7.50
7.75
7.52
8,12
8.24
8,02
7.93

8.01

A l km g / l

32.9
38.3
38.6
124

14.0
-5.40

<5
39.6
38.3
39.4
24.0
33.5
33.9
34.5

37.9
36.8
39.9
39.7

41.6

H a r d n e s sm g / l

40.6
46.4
46.1
224

1720
1230

908
96.2
63.6
84.7
446

81,5
86.1
83,7

41.7
48.8
50.1
49.9

52.3

N i - t N i - d As-t As-d

<10 <10 <1 <1
<10 <10 <1 1.20
<10 <10 1.20 <1
<10 <10 <1 1.30

283.4 281.7 4.70 4.20
161.6 170.2 <1 <1

17.8 ——— <1 ———
112.9 115.1 3.20 <1

<10 <10 <1 <1
<10 <10 <1 1.00
<10 <10 <1 <1
43.0 57.5 <1 <1
<10 <10 <1 1.00
<10 <10 <1 <1

<10 <10 <1 <1
<10 <10 <1 1,10
<10 <10 <1 <1
<10

<10 <10 <1 <1

N O T E : ' - f = T o t a l Recoverable "-d" = D i s s o l v e d



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996
S a m p l i n gSta t i on

F G - 1
F G - 3
F G - 5
C B M A - 1
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6 A
F G - 7
F G - 8
F G - 9 A
1121
M G B - 1
R L C V T - 1
F G - 9
FG — 9 Day #2
BR-1
BR-2
BR-3
S R - 1
SR — 1 Replicate
BR-5
BR — 5 R e p l i c a t e

S a m p l e C o l l e c t i o nDate & T i m e

7/22/96 @1850
7 / 2 2 / 9 6 @1750
7 / 2 2 / 9 6 @1655
7/23/96 @1435
7/22/96 @1620
7/22/96 @1 550
7/22/96 @1605
7 / 2 2 / 9 6 @1 525
7 / 2 2 / 9 6 @1445
7/22/96 @1 405
7 / 2 2 / 9 6 @1330
7/23/96 @1 525
7/23/96 @ 1353
7/23/96 @1345
7/22/96 @ 1230
7 / 2 3 / 9 6 @ 1255
7/23/96 @1 21 5
7/23/96 @1 140
7/23/96 @1 000
7/23/96 @1 100
7/23/96 @ 11 00
7/23/96 @091 5
7/23/96 @0915

PHsu

7.67
8.04
8.01
7.47
6.32
6.47
6.62
6.24
7.67
7.74
7.87
6.70
7.66
7.50
7.75
7.52
8.12
8.24
8.02
7.93

8.01

A l k H a r d n e s sm g / l m g / l

32.9
38.3
38.6
124

14.0
' 5 . 4 0

<5
39.6
38.3
39.4
24.0
33.5
33.9
34.5

37.9
36.8
39.9
39.7

41.6

40.6.
46.4
46.1
224

1720
1230

908
96.2
63.6
84.7
446

81.5
86.1
83.7

41.7
48.8
50.1
49.9

52.3
51.5

A g - t/ < g / i
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0,2
<0.2
<0.2
<0.2

A g - d
P S / I

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

<0.2
<0.2
<0.2
<0.2

<0.2
<0.2

Z n - t/ j g / i
7.0
8.4

14.6
3000.4

255690
154020

18772
107700
4618.3

681.3
3381.1
50549
1616.8
2083.4
2270.1
2293.6

8.8
415.1
147.7

10.0
8.2

113.6

Zn-d
A*3/ l

19.6
15.6
32.6

2796.0
244820
149000

102530
4483.6

658.7
3304.1
50447
1536.6
2012.2
2216.4

8.8
376.7
131.2

7.2

98.7
99.0

A l - tf g / i
<40

43
<40
<40
306
317
<40
255
<40

55
<40

59
194
<40
<40

' <40,
76
63

344
72
55

121

A l - dp g / i
<40
<40
<40
<40
118
<40

46
156

55
<40

81
<40
<40

60

<40
<40
<40
<40

<40
<40

NOTE: "-f = T o t a l Recoverable "-d" = D i s s o l v e d



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996
S a m p l i n gS t a t i o n

F G - 1
F G - 3
F G - 5
C B M A - 1
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6 A
F G - 7
F G - 8
F G - 9 A
1121
M G B - 1
R L C V T - 1
F G - 9
FG— 9 Day #2
BR-1
BR-2
BR-3
S R - 1
SR — 1 R e p l i c a t e
BR-5
BR— 5 R e p l i c a t e

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 2 / 9 6 @1 850
7/22/96 @1 750
7 / 2 2 / 9 6 @1655
7/23/96 @ 1435
7 / 2 2 / 9 6 @1 620
7/22/96 @1 550
7/22/96 @1605
7 / 2 2 / 9 6 @1525
7/22/96 @1 445
7 / 2 2 / 9 6 @1 405
7 / 2 2 / 9 6 @1 330
7/23/96 @1 525
7/23/96 @ 1353
7/23/96 @1 345
7 / 2 2 / 9 6 @ 1230
7/23/96 @1 255
7/23/96 @1215
7/23/96 @1 140
7/23/96 @1 000
7/23/96 @1 100
7/23/96 @1 100
7/23/96 @091 5
7 / 2 3 / 9 6 @091 5

PHsu

7.87
8.04
8.01
7.47
6.32
6.47
6.62
6.24
7.67
7.74
7.87
6.70
7.66
7.50
7.75
7.52
8.12
8.24
8.02
7.93

8.01

A l k H a r d n e s sm g / l m g / l

32.9
38.3
38.6
124

14.0
5.40

<5
39.6
38.3
39.4
24.0
33.5
33.9
34.5

37.9
36.8
39.9
39.7

41.6

40.6
46.4
46.1
224

1720
1230

908
96.2
63.6
84.7
446

81.5
86.1
83.7

41.7
48.8
50.1
49.9

52.3
51.5

Cd-t

<0.5
<0.5
<0.5

2.9
284
114

10.4
72.5
10.6

3.2
7.6
136
6.1
6.2
4.5
7.6

<0.5
1.3
0.9

<0.5
<0.5

1.0

C d - d

<0.5
<0.5
<0.5

2.0
281
114

71.0
11.9

3.0
8.9
136
5.4
5.5
5.6

<0.5
1.1
0.5

<0.5

<0.5
0.7

Cr-t

<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

• <4
4.4
<4
<4
<4
<4
<4
<4

Cr-d

<4
<4
<4
<4
<4
<4

<4
<4

. <4
<4
<4
<4
<4
6.2

<4
<4
<4
<4

<4
<4

Cu-t

<0.8
<0.8
<0.8
<0.8
12.8
10.9

1.3
5.2
1.0
1.1
1.8

16.7
0.8

<0.8
<0.8
<0.8
<0.8
<0.8
<0.8
<0.8
<0.6
<0.8

Cu-d

1.5
<0.8
<0.8
<o.e

8.0
4.2

2.3
<0.8
<0.8
<0.8
15.3

<0.8
<0.8
<O.B

<0.8
<0.8
<0.8
<0.8

<0.8
<0.8

N O T E : ' - f = T o t a l Recoverable •-d" = D i s s o l v e d



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996

S a m p l i n gS t a t i o n

F G - 1
F G - 3
F G - 5
C B M A - 1
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6 A
F G - 7
F G - 8
F G - 9 A
1121
M G B - 1
R L C V T - 1
F G - 9
FG— 9 Day #2
BR-1
BR-2
BR-3
S R - 1
SR— 1 R e p l i c a t e
BR-5
BR — 5 R e p l i c a t e

S a m p l e C o l l e c t i o n
Date & T i m e

7 / 2 2 / 9 6 @1 850
7 / 2 2 / 9 6 ©1750
7 / 2 2 / 9 6 ©1655
7 / 2 3 / 9 6 ©1435
7 / 2 2 / 9 6 ©1620
7 / 2 2 / 9 6 @1 550
7 / 2 2 / 9 6 ©1605
7 / 2 2 / 9 6 ©1525
7 / 2 2 / 9 6 ©1445
7 / 2 2 / 9 6 ©1405
7 / 2 2 / 9 6 ©1330
7 / 2 3 / 9 6 ©1525
7 / 2 3 / 9 6 ©1353
7 / 2 3 / 9 6 ©1345
7 / 2 2 / 9 6 ©1230
7 / 2 3 / 9 6 ©1255
7 / 2 3 / 9 6 @1 21 5
7 / 2 3 / 9 6 ©11 40
7 / 2 3 / 9 6 ©1000
7 / 2 3 / 9 6 ©11 00
7 / 2 3 / 9 6 ©11 00
7 / 2 3 / 9 6 ©091 5
7 / 2 3 / 9 6 @091 5

F l o w
c f s

9.41
9.71
3.29

0.316
* 0.067

0.226
* 0.006

0.207
11.6
3.73
14.9

_ _ _ _ _
* 0.017

•1.75
13.9
12.7
65.4
78.8
121

28.5

175

F i e l d Measur emen t s -
T e m p Cond

*C / j m h o s / c m

12.7
11.8
12.5
5.5

11.5
14.3

6.9
17.3
10.7

9.3
10.6

5.1
10.6

7.0
9.3
B.6

13.1
12.0
10.4

9.7

11.1

67.5
77.3
82.3
315

2770
2090

425
1722

166
105
147
653
146
145
142
143

70.2
83.7
87.2
83.6

85.2

p H
su

7.87
8.04
8.01
7.47
6.32
6.47
6.62
6.24
7.67
7.74
7.87
6.70
7.66
7.50
7.75
7.52
8.12
8.24
8.02
7.93

8.01

A l k
m g / l

32.9
38.3
38.6
124

14.0
5.40

<5
39.6
38.3
39.4
24.0
33.5
33.9
34.5

37.9
36.8
39.9
39.7

41.6

T S S
m g / l

<4
<4
<4
<4
77
48

31
<4
<4
<4
<4
<4
<4
<4

<4
<4
<4
<4

<4

Fm g / l

<0.2
<0.2
<0.2
0.29
<0.2
<0.2

<0.2
<0.2
<0.2
0.20
0.33
0.20
<0.2
<0.2

0.21
0.21
0.20
<0.2

0.20

Cl
m g / l

1.21
1.31
1.29
1.56
3,87
2.72 •

2.51
1.43
1.40
1.49
2.19
1.67
1.61
1.58

1.82
1.79
2.56
1.65

2.56

SO,
m g / l

12.8
11.7
13.2
100

2690
1660

1160
59.7
25.7
47.9
466

47.7
50.7
50.2

6.9
13.5
12.3
12.7

13.2

Br
m g / l

<0.5
<0.5
<0.5
<0.5
1.98
<0.5

<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

<0.5
<0.5
<0.5
<0.5

<0.5

* F l o w f or the se s t a t i o n s wa s e s t i m a t e d ons i t e .



F R E N C H G U L C H Q A / Q C D A T A : J u l y 2 3 , 1996
S a m p l i n g
S t a t i o n

r\r* 1UL» — 1nr* o
or* "*
QC-4

F R E N C H

S a m p l i n g
S t a t i o n

QC-1
QC-2
QC-3
QC-4

S a m p l e C o l l e c t i o n D e s c r i p t i o n T O G N H , N C ^ N O , P O , A s - t C d - t Cu-t Pb-t A g - tDate & T i m e m g / l m g / l m g / l m g / l p g / l j j g / l p g / l p g / | p g / l

7/23/96 @1015 Container Blank ——— ——— r ----- ——— <1 <0.5 <0.8 <0.8 <0.2
7 / 2 3 / 9 6 @1015 F U t e r B l a n k — — — — — ' - - — — — — — — < 1 <0.5 <0.8 <0.8 <0.2
7 / 2 3 / 9 6 @1015 HNOjBlank ——— ——— ——— ——— <1 <0.5 <0.8 <0.8 <0.2
7/23/96 @1015 H 2 S 0 4 B l a n k <1.5 <0.05 <0.05 <0.02 ——— —— - ———

G U L C H Q A / Q C D A T A : J u l y 2 3 , 1996

S a m p l e C o l l e c t i o n D e s c r i p t i o n Cr-t F e - t M n - t N i - t Zn-t
Date & T i m e / / g / l / j g / l / j g / l f j g / l f j g / l

7 / 2 3 / 9 6 @1015 Container Blank <4 5.5 <1 <10 4.3
7 / 2 3 / 9 6 ©1015 F i l t e r B l a n k <4 <5 <1 <10 <4
7 / 2 3 / 9 6 @1015 HNOsBlank <4 13.0 <1 <10 <4
7 / 2 3 / 9 6 ©1015 H j S O ^ B I a n k — — — — — — — — — — — — _ _ _ _ _

A l - tp g / i

<40
<40

N O T E : "-f = T o t a l Recoverable



F R E N C H G U L C H C H E M I S T R Y D A T A : N o v e m b e r 16-17,1993

S a m p l i n g
S t a t i o n

MW-1
MW-2
MW-3
MW-4
MW-5
MW-6
MW-7
M W - 8 L
M W - 8 U
MW-8 U R e p l i c a
M W - 9
M W - 1 1
MW-1 2
MW-1 3
MW-1 4

S a m p l e C o l l e c t i o n
Date & T i m e

1 1 / 1 7 / 9 3 @1146
1 1 / 1 7 / 9 3 @1045
1 1 / 1 7 / 9 3 @1116
1 1 / 1 7 / 9 3 @1215
1 1 / 1 7 / 9 3 @1248
1 1 / 1 7 / 9 3 @1005
1 1 / 1 7 / 9 3 @0930
1 1 / 1 7 / 9 3 @1312
1 1 / 1 7 / 9 3 @1341
1 1 / 1 7 / 9 3 @1341
1 1 / 1 6 / 9 3 @1525
1 1 / 1 6 / 9 3 @1341
1 1 / 1 6 / 9 3 @1308
11/1 6/93 @1445
1 1 / 1 6 / 9 3 @1 130

............. f i e l d M e a s u r e m e n t s
F l o w T e m p Cond

cfs oC u s i e m e n s / c m

7.8
5.7
7.6
8.3
8.3
7.0
3.6
7.9
8.8
8.8
4.0
5.4
5.6
7.0
5.7

1630
1630
1530
1600
1680
1519

567
1680
2150
2150
89.6
122
164

3090
732

PH
su

6.79
7.58
6.64
6.47
6.43
7.00
6.89
6.73
6.18
6.18
7.51
6.95
7.75
6.00
7.34

A l k
m g / l

78
82
21
82

102
114

43
76

0.0
.....
51
45
82
23

108

T S S
m g / l

38
154

32
28
18
44
17
30

326

5.0
13

410
1354

5.0

F
m g / l

3.10
3.03
1.92
2.96
3.02
2.86
0.96
3.06
4.30
.....

<0.2
<0.2
<0.2

5.95
0.99

Cl
m g / l

2.45
2.58
2.40
2.54
2.34
2.41
1.69
2.49
3.67
.....

<0.5
1.55
3.29
7.49
15.3

SO4
m g / l

1750
1710
1750
1640
1870
1580
460

1850
2610

-----
20.6
45.7
54.8

4190
560



F R E N C H G U L C H C H E M I S T R Y D A T A : N o v e m b e r 16-17,1993

S a m p l i n g
S t a t i o n

MW-1
MW-2
MW-3
MW-4
MW-5
MW-6
MW-7
M W - 8 L
M W - 8 U
MW-8 U R e p l i c a
MW-9
M W - 1 1
MW-1 2
MW-1 3
MW-1 4

S a m p l e C o l l e c t i o n
Date & T i m e

1 1 / 1 7 / 9 3 @1146
1 1 / 1 7 / 9 3 @1045
1 1 / 1 7 / 9 3 @1116
1 1 / 1 7 / 9 3 @1215
1 1 / 1 7 / 9 3 ® 1248
1 1 / 1 7 / 9 3 @1005
1 1 / 1 7 / 9 3 @0930
1 1 / 1 7 / 9 3 @1312
1 1 / 1 7 / 9 3 @1341
1 1 / 1 7 / 9 3 @1341
1 1 / 1 6 / 9 3 @1525
1 1/1 6 / 9 3 @1 341
1 1 / 1 6 / 9 3 @1308
11/1 6 /93 @1445
1 1 / 1 6 / 9 3 @1 130

pH
su

6.79
7.58
6.64
6.47
6.43
7.00
6.89
6.73
6.18
6.18
7.51
6.95
7.75
6.00
7.34

A l k .
m g / l

78
82
21
82

102
114

43
76

0.0

51
45
82
23

108

Ca
m g / l

388
448
311
381
401
434
134
378
378

24.63
29.43
38.38
393.8
215.2

M g
m g / l

119.4
97.28
97.64
113.4
118.3
110.0
31.66
123.6
135.1

1.955
3.647
5.651
228.1
34.02

H a r d n e s s
m g / l

1460
1519
1178
1418
1488
1536

465
1453
1500

69.5
88.5
119

1922
677

N a - d
m g / l

14.04
11.86
10.36
14.16
14.72
13.93

3.93
13.20
13.02

1.31
2.06
5.19

23.97
22.25

K-d
m g / l

2.9
3.0
2.2
3.3
3.4
3.7
1.5
2.8
2.3

<1
1.1
5.1

10.8
3.1

Cd-t
u g / l

54.6
2.9

26.0
36.2
61.3

6.3
1.1

197
484
489
1.8

28.4
11.3

3650
<0.5

Cd-d
u g / l

50.2
<0.5

18.3
32.6
55.8

3.8
<0.5
140
450

<0.5
25.5

1.3
3430

0.9

NOTE; "-t" = Total Recoverable "•d"~ D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : N o v e m b e r 16-17,1993

S a m p l i n g
S t a t i o n

MW-1
MW-2
MW-3
MW-4
MW-5
MW-6
MW-7
M W - 8 L
M W - 8 UM W - 8 U R e p l i c a
MW-9
M W - 1 1
MW-1 2
MW-1 3
MW-1 4

S a m p l e C o l l e c t i o n
Date & T i m e

1 1 / 1 7 / 9 3 @1 146
1 1 / 1 7 / 9 3 @1045
1 1 / 1 7 / 9 3 @1116
1 1 / 1 7 / 9 3 @1215
1 1 / 1 7 / 9 3 @1 248
1 1 / 1 7/93 @1 005
1 1 / 1 7 / 9 3 @0930
1 1 / 1 7 / 9 3 @1312
1 1 / 1 7 / 9 3 @1341
1 1 / 1 7 / 9 3 @1341
1 1 / 1 6 / 9 3 @1525
1 1 / 1 6 / 9 3 @1341
1 1 / 1 6 / 9 3 @1308
1 1 / 1 6 / 9 3 @1445
1 1 / 1 6 / 9 3 @1130

PH
su

6.79
7.58
6.64
6.47
6.43
7.00
6.89
6.73
6.18
6.18
7.51
6.95
7.75
6.00
7.34

A l k .
m g / l

78
82
21
82

102
114
43
76

0.0

51
45
82
23

108

H a r d n e s s
m g / l

1460
1519
1178
1418
1488
1536

465
1453
1500

69.5
88.5

119
1922

677

Cr-t Cr-d
u g / l u g / l

<6
<6

.....

..... .....
<6

<6 <6
.....

<6 <6
<6 <6
<6 <6

15
<6 <6

Cu-t Cu-d
u g / l u g / l

12.7 <6
1.6 <&
0.6 <6
2.5 <6
3.5 <6
1.3 <6
1.8 <6
2.2 <6
137 14
160
2.8 <1
6.4 <1

34.4 3.7
154 <1
2.1 1.9

Ag-t
u g / l

<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
1.0
1.5

<0.3
<0.3
<0.3
0.7

<0.3

A g - d
u g / l

<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3

<0.3
<0.3
<0.3
<0.3
<0.3

NOTE: "-t" = Total Recoverable "-d" = D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : N o v e m b e r 16-17,1993

S a m p l i n gS t a t i o n

MW-1
MW-2
MW-3
MW-4
MW-5
MW-6
MW-7
M W - 8 L
M W - 8 U
MW-8 U R e p l i c a
MW-9
M W - 1 1
MW-1 2
MW-1 3
MW-1 4

S a m p l e C o l l e c t i o nDate & T i m e

1 1 / 1 7 / 9 3 @1 146
1 1 / 1 7 / 9 3 @1045
1 1 / 1 7 / 9 3 @1116
1 1 / 1 7 / 9 3 @1215
1 1 / 1 7 / 9 3 @1248
1 1 / 1 7 / 9 3 @1005
1 1 / 1 7/93 @0930
1 1 / 1 7 / 9 3 @1312
1 1 / 1 7 / 9 3 @1341
1 1 / 1 7 / 9 3 @1341
1 1 / 1 6 / 9 3 @1525
1 1 / 1 6 / 9 3 @1341
1 1 / 1 6 / 9 3 @1308
1 1 / 1 6 / 9 3 @1445
1 1 / 1 6 / 9 3 @1130

PHsu

6.79
7.58
6.64
6.47
6.43
7.00
6.89
6.73
6.18
6.18
7.51
6.95
7.75
6.00
7.34

A l k .m g / l

78
82
21
82

102
114

43
76

0.0
.....
51
45
82
23

108

H a r d n e s sm g / l

1460
1519
1178
1418
1488
1536

465
1453
1500
.....

69.5
88.5
119

1922
677

Zn-tu g / l

125300
73380

133100
121900
127900
47980
21360

190900
262900
260400

129
2977
2082

1448000
64

Zn-du g / i

131900
76600

140480
123720
123260
48240
21680

186480
25200

.....
121

2930
114

1495000
73

A l - tu g / l

.....
--.-.
.....
.....
.....
<40
.....

39800
44300

110
308

10250
.....

185

A l - du g / l

49
<40
55
<40
58
<40
<40
48

175
.....
<40
<40
<40

127
<40

Fe-tu g / l

94910
157800
246100

80110
99360
56700
50440

105500
541800
570700

436
276

18490
46200

391

F e - du g / l

108840
174380
243400

82540
97380
62460
50620

104000
429000

.....
<5
<5
<5

20470
116

NOTE: "-t" = Total Recoverab l e "-d" = D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : N o v e m b e r 16-17, 1993

S a m p l i n g
S t a t i o n

MW-1
MW-2
MW-3
MW-4
M W - 5
MW-6
MW-7
M W - 8 L
M W - 8 UMW-8 U R e p l i c a
M W - 9
M W - 1 1
MW-1 2
MW-1 3
MW-1 4

S a m p l e C o l l e c t i o n
Date & T i m e

1 1 / 1 7 / 9 3 @1146
1 1 / 1 7 / 9 3 @1045
1 1 / 1 7 / 9 3 @1116
1 1 / 1 7 / 9 3 @1215
1 1 / 1 7 / 9 3 @1248
1 1 / 1 7 / 9 3 @1005
1 1 / 1 7 / 9 3 @0930
1 1 / 1 7 / 9 3 @1312
1 1 / 1 7 / 9 3 @1341
1 1 / 1 7 / 9 3 @1341
1 1 / 1 6 / 9 3 @1525
1 1 / 1 6 / 9 3 @1341
1 1 / 1 6 / 9 3 @1308
1 1 / 1 6 / 9 3 @1445
1 1 /1 6/93 @1 130

PHsu

6.79
7.58
6.64
6.47
6.43
7.00
6.89
6.73
6.18
6.18
7.51
6.95
7.75
6.00
7.34

A l k .
m g / l

78
82
21
82

102
114
43
76

0.0
.....
51
45
82
23

108

H a r d n e s s
m g / l

1460
1519
1178
1418
1488
1536

465
1453
1500
.....

69.5
88.5
119

1922
677

Pb-t
u g / l

290
2.5

139
33.2
20.9
15.6
3.3

66.1
1107
1352

6.1
36.7
47.4

685.0
1.1

Pb-d
u g / l

297
<1

99.5
23.3
13.4

7.1
<1

30.7
20.2
.....

<1
3.8

<1
302

<1

Mn-t
u g / l

33120
28990
41160
31960
35990
21670
15600
45250
51940
51040

32
78

1531
130200

493

Mn-d N l - t
u g / l u g / l

34360
30240
42600
31900
34000
21480
15360 <15
43620
50420

.....
8.0 <15
59 <15

112 <15
130060 1078

342 <15

N l - d
u g / l

140
130
119
165
124
131
<15

132
167
.....
<15
<15
<15

910
<15

NOTE: "•(" = T o t a l Recoverable "-d" = D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A - A u g u s t 22-24,1994

S a m p l i n g
S t a t i o n

K D S
MW-1
MW-2
MW-3
MW-4
MW-5
M W - 6 U
M W - 6 L
M W - 7 U
M W - 7 L
M W - 8 U
M W - 8 L
MW-9
M W - 1 1
MW-1 2
MW-1 3
MW-1 4

S a m p l e C o l l e c t i o n
Date & T i m e

8 / 2 3 / 9 4 @1 250
8 / 2 3 / 9 4 @1538
8 / 2 3 / 9 4 @1 118
8 / 2 3 / 9 4 @1 150
8 / 2 3 / 9 4 @1500
8 / 2 3 / 9 4 @1 620
8 / 2 3 / 9 4 @1 045
8 / 2 3 / 9 4 @1020
8 / 2 3 / 9 4 @0920
8/23/94 @0845
8 / 2 3 / 9 4 @1 240
8 / 2 3 / 9 4 @1 21 6
8 / 2 3 / 9 4 @0955
8/22/94 @1 703
8 / 2 3 / 9 4 @0830
8 / 2 3 / 9 4 @1 245
8 / 2 2 / 9 4 @1 51 9

.. — .. — f i e l d M e a s u r e m e n
F l o w T e m p

cfs oC

•"-"• 130
10.3

9.2
7.5
8.5
9.2
7.9
8.0
7.0
4.5

10.4
8.5
8.8
6.2
6.5
7.6
8.0

s — --
Cond

u m h o s / c m

400
1246
2020
1820
1675
1616
2110
1732

526
577

10100
1241

105
134
168

3500
1373

pH
su

6.56
8.26
7.31
6.53
7.34
7.61
6.40
6.78
7.36
7.17
4.19
6.56
7.33
7.22
7.58
5.94
7.59

A l k
m g / l

66.3
*0
*0
*0

4.61
16.2

' 0
62.7
5.25
10.9

*0
*0

49.6
49.1
69.9
5.69
131

T S S F
m g / l m g / l

0.500
0.280

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

----- <0.2
<0.2

9.41
<0.2
<0.2
<0.2
<0.2

0.350
<0.2

C l
m g / l

1.40
1.74
2.04
2.14
1.85
1.80
2.27
1.98
1.34
1.33
2.66
2.08
1.23
1.96
2.08
4.27
1.58

S04
m g / l

210
1130
2140
2040
1750
1800
2390
1760

367
401

24200
1910
16.7
40.3
46.0

5190
1120

* pH < 4.5; Alkalinity = 0



F R E N C H G U L C H C H E M I S T R Y D A T A - A u g u s t 2 2 - 2 4 , 1 9 9 4

S a m p l i n g
S t a t i o n

K D S
MW-1
MW-2
MW-3
MW-4
MW-5
M W - 6 U
M W - 6 L
M W - 7 U
MW-7L
M W - 8 U
M W - 8 L
MW-9
M W - 1 1
MW-1 2
MW-1 3
MW-1 4
#1121

S a m p l e C o l l e c t i o n
Date & T i m e

8 / 2 3 / 9 4 @1 250
8 / 2 3 / 9 4 @1 538
8 / 2 3 / 9 4 @1 118
8 / 2 3 / 9 4 @1 150
8/23/94 @1 500
8 / 2 3 / 9 4 @1 620
8/23/94 @1 045
8 / 2 3 / 9 4 @1 020
8 / 2 3 / 9 4 @0920
8 / 2 3 / 9 4 @0845
8 / 2 3 / 9 4 @1 240
8 / 2 3 / 9 4 @1216
8 / 2 3 / 9 4 @0955
8 / 2 2 / 9 4 @1703
8 / 2 3 / 9 4 @0830
8 / 2 3 / 9 4 @1 245
8 / 2 2 / 9 4 @1 51 9
8 / 2 4 / 9 4 @1 121

p H
su

6.56
8.26
7.31
6.53
7.34
7.61
6.40
6.78
7.36
7.17
4.19
6.56
7.33
7.22
7.58
5,94
7.59

— -

A l k
m g / l

66.3
*0
*0
*0

4.61
16.2

*0
62.7
5.25
10.9

*0
*0

49.6
49.1
69.9
5.69
131
.....

Ca
m g / l

54.7
223
500
319
351
341
356
417
96.9
112
393
356

24.5
30.2
36.2
337
393
.....

M g
m g / l

20.8
63.2
115
104
110
107
112
104

24.3
26.9

3630
120

2.01
3.72
4.77
249

60.9
-----

H a r d n e s s
m g / l

222
817

1721
1225
1329
1289
1349
1467

342
391

15922
1383
69.5
90.8
110

1866
1233
.....

N a - d
m g / l

7.67
15.3
13.2
10.7
13.0
13.7
13.0
13.6
3.70
4.08
19.8
13.8
1.56
2.15
2.70
22.5
12.1
.....

K-d
m g / l

2.20
3.30
3.70
3.50
3.60
3.30
3.70
3.80
1.40
1.60

<10
3.60

<1
1.30
2.20
9.50
3.10
.....

Cd-t
u g / 1

6.10
86.6
2.70
31.3
30.8
54.6
85.0
4.30
2.10
<0.5

7080
146

1.60
27.4
2.80

5120
0.700

69.7

C d - d
u g / l

2.00
27.9
3.10
24.7
29.2
50.9
86.9
3.90
<0.5
<0.5

7980
148
<0.5

24.8
0.900
4610

<0.5
-----

NOTES: "-t" = Total Recoverable "-d" = D i s s o l v e d
* p H < 4 . 5 ; A l k a l i n i t y = 0



F R E N C H G U L C H C H E M I S T R Y D A T A - A u g u s t 22-24,1994
S a m p l i n g
S t a t i o n

K D S
MW-1
MW-2
MW-3
MW-4
MW-5
MW-6U
M W - 6 L
M W - 7 U
M W - 7 L
MW-8U
M W - 8 L
MW-9
M W - 1 1
MW-1 2
MW-1 3
MW-1 4
#1121

S a m p l e C o l l e c t i o n
Date & T i m e

8 / 2 3 / 9 4 @1 250
8 / 2 3 / 9 4 @1 538
8 / 2 3 / 9 4 @1 118
8 / 2 3 / 9 4 @1150
8 / 2 3 / 9 4 @1 500
8 / 2 3 / 9 4 @1 620
8 / 2 3 / 9 4 @1045
8 / 2 3 / 9 4 @1 020
8 / 2 3 / 9 4 @0920
8/23/94 @0845
8 / 2 3 / 9 4 @1 240
8 / 2 3 / 9 4 @1 21 6
8 / 2 3 / 9 4 @0955
8 / 2 2 / 9 4 @1 703
8 / 2 3 / 9 4 @0830
8 / 2 3 / 9 4 @1245
8 / 2 2 / 9 4 @1 51 9
8 / 2 4 / 9 4 @1 121

p H
su

6.56
8.26
7.31
6.53
7.34
7.61
6.40
6.78
7.36
7.17
4.19
6.56
7.33
7.22
7.58
5.94
7.59
.....

A l k .
m g / l

66.3
*0
*0
*0

4.61
16.2

*0
62.7
5.25
10.9

*0
*0

49.6
49.1
69.9
5.69
131

H a r d n e s s
m g / l

222
817

1721
1225
1329
1289
1349
1467
342
391

15922
1383
69.5
90.8
110

1866
1233

-----

Cr-t
u g / l

<5
<5
<5
<5
<5
<5
<5
<5
<5
<5

21.0
<5
<5
<5
<5

45.0
<5
<5

Cr-d
u g / l

6.00
7.00

<5
<5

6.00
6.00

<5
<5
<5
<5

<50
5.00

<5
<5
<5

6.00
<5

— -

Cu-t Cu-d A g - t
u g / l u g / l u g / l

5.70 <1 0.300
294 <1 <0.3

<1 <1 <0.3
<1 <1 <0.3
<1 <1 <0.3
<1 <1 <0.3
<1 <1 <0.3
<1 <1 <0.3

1.80 <1 <0.3
<1 <1 <0.3

2570 3890 320
<1 <1 <0.3

5.00 <1 <0.3
4.00 2.10 <0.3
6.10 1.70 <0.3
21.4 8.10 <0.3
1.60 <1 <0.3
4.00 — - <0.3

Ag-d
u g / l

<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
220
<0.3
<0.3
<0.3
<0.3
<0.3
<0.3
— -

NOTES: "-t" = Total Recoverab l e "-d" = D i s s o l v e d
* p H < 4.5; A l k a l i n i t y = 0



F R E N C H G U L C H C H E M I S T R Y D A T A - A u g u s t 22-24,1994
S a m p l i n gS t a t i o n

K D S
MW-1
MW-2
MW-3
MW-4
MW-5
MW-6U
M W - 6 L
MW-7U
MW-7L
M W - 8 U
M W - 8 L
MW-9
M W - 1 1
MW-1 2
MW-1 3
MW-1 4
#1121

S a m p l e C o l l e c t i o nDate & T i m e

8 / 2 3 / 9 4 @1250
8 / 2 3 / 9 4 @1 538
8 / 2 3 / 9 4 @1 118
8 / 2 3 / 9 4 @1 150
8 / 2 3 / 9 4 @1 500
8 / 2 3 / 9 4 @1 620
8/23/94 @1045
8 / 2 3 / 9 4 @1 020
8 / 2 3 / 9 4 @0920
8 / 2 3 / 9 4 @0845
8 / 2 3 / 9 4 @1 240
8 / 2 3 / 9 4 @1 21 6
8 / 2 3 / 9 4 @0955
8 / 2 2 / 9 4 @1703
8/23/94 @0830
8 / 2 3 / 9 4 @1245
8 / 2 2 / 9 4 @1 51 9
8 / 2 4 / 9 4 @1 121

p Hsu

6.56
8.26
7.31
6.53
7.34
7.61
6.40
6.78
7.36
7.17
4.19
6.56
7.33
7.22
7.58
5.94
7.59
.....

A l k .m g / l

66.3
*0
*0
*0

4.61
16.2

*0
62.7
5.25
10.9

*0
*0

49.6
49.1
69.9
5.69
131
-----

H a r d n e s sm g / l

222
817

1721
1225
1329
1289
1349
1467

342
391

15922
1383
69.5
90.8
110

1866
1233
.....

Zn-tu g / 1

5385
62998
80553

144860
105090
107130
163000

39369
18660
18180

1863000
148780

153
2630

505
1544000

26.0
27974

Zn-du g / 1

4051
65083
74910

141380
113400
108300
151610

38635
18000
18000

1870000
151040

43.0
2700

118
1650000

20.0
.....

A l - tu g / l

449
3089

<30
114

60
422
176
<30

676
31.0

682000
270
663

79.0
4376

916
<30
<30

A l - du g / l

42.0
37.0

<30
45.0

<30
33.0
33.0

<30
<30
<30

500000
45.0

<30
<30

33.0
415
<30
.....

Fe-tu g / l

3913
70214

177109
267743

81048
98710

373000
55076
36186
41561

8900000
99888

977
286

6017
20700

3090
103

F e - du g / l

191
48668

169744
261387

90976
99890

364058
54511
33070
41072

8400000
103007

<5
<5

15.0
15050

3175
.....

NOTES: "-t" = Total Recoverable "-d" = D i s s o l v e d
* pH < 4.5; Alkalinity = 0



F R E N C H G U L C H C H E M I S T R Y D A T A - A u g u s t 22-24,1994

S a m p l i n g
S t a t i o n

K D S
M W - 1
MW-2
MW-3
MW-4
MW-5
M W - 6 U
M W - 6 L
M W - 7 U
MW-7L
M W - 8 U
MW-8L
MW-9
M W - 1 1
MW-1 2
MW-1 3
MW-1 4
#1121

S a m p l e C o l l e c t i o n
Date & T i m e

8 / 2 3 / 9 4 ©1250
8 / 2 3 / 9 4 @1 538
8 / 2 3 / 9 4 @1 118
8/23/94 @1 150
8 / 2 3 / 9 4 @1500
8 / 2 3 / 9 4 @1 620
8/23/94 @1 045
8/23/94 @1 020
8 / 2 3 / 9 4 @0920
8 / 2 3 / 9 4 @0845
8 / 2 3 / 9 4 @1 240
8/23/94 @1 21 6
8/23/94 @0955
8 / 2 2 / 9 4 @1 703
8 / 2 3 / 9 4 @0830
8 / 2 3 / 9 4 @1 245
8 / 2 2 / 9 4 @1 51 9
8 / 2 4 / 9 4 @1 121

PH
su

6.56
8.26
7.31
6.53
7.34
7.61
6.40
6.78
7.36
7.17
4.19
6.56
7.33
7.22
7.58
5.94
7.59
.....

A l k .
m g / 1

66.3
*0
*0
*0

4.61
16.2

*0
62.7
5.25
10.9

*0
*0

49.6
49.1
69.9
5.69
131
.....

H a r d n e s s
m g / l

222
817

1721
1225
1329
1289
1349
1467

342
391

15922
1383
69.5
90.8
110

1866
1233

-----

Pb-t
u g / l

24.6
611
15.5
150

27.8
62.0
217
15.7
125

3.20
2000
44.0
16.1
47.2
17.5

1120
<1

6.80

Pb-d
u g / l

<1
6.60

<1
109

2.40
9.90
36.9
4.30

<1
<1

1060
17.0

<1
9.10

<1
506

<1
.....

Mn-t
u g / l

6225
28979
36518
51982
30684
33405
43875
20969
11367
13216

232000
40934

197
48.0
307

164000
1289
7350

Mn-d
u g / l

5345
28978
34201
48686
31715
31906
45920
19771
11598
13243

207000
40073

22.0
32.0
163

188000
1306

-----

N l - t
u g / l

21.0
101
160
137
151
134
144
140

17.0
14.0
920
131
<12
<12
<12

1036
<12

31.0

N l - d
u g / l

<12
82.0
140
128
160
111
162
128
13.0
17.0
917
126
<12
<12
<12

900
<12
.....

NOTES: "-t" = Total Recoverable
* pH < 4.5; Alkalinity = 0

"-d" = D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996

S a m p l i n g
S t a t i o n

M W - 1
M W - 2 *
M W - 3
M S R W - 3
M W - 6 U *
M W - 7 U
M W - 7 L
M W ~ 8 M * B o t h
M W - 8 M * M i x
M W - 8 U *
M W - 9
M W - 1 2 *
M W - 1 3 *
M W - 1 4
M W - 1 5 *
M W - 1 6
MW-20*
ORO-1*
S B - R F 3 *

S a m p l e C o l l e c t i o nDate & T i m e

6/1 1 / 9 6 @1540
6/1 3/96 ©1132
6/1 0/96 @1 625
6/1 0/96 ©1535
6 / 1 2 / 9 6 ©1412
6/1 1/96 @1420
6/1 1/96 ©1145
6/1 3/96 ©0945
6/1 3/96 @0945
6/1 2/96 ©1550
6/1 0/96 ©171 4
6/1 1 / 9 6 ©1000
6 / 1 4 / 9 6 ©1030
6 / 1 0 / 9 6 ©1648
6/1 1 / 9 6 ©1430
6/1 0/96 ©1554
6/1 2/96 ©1030'
6/1 1 / 9 6 ©1730
6/1 2/96 ©1620

— — — — — — — — - F i eF l o w T e m p ccfs *C

— — — 11.2
— — — 10.9

Q R
4 f\ O

ft 1

— — — 6 . 2
q n

m Q

Q K

c g

44 C

——— 7 .0
— — — 5 . 6

1 1 1
— — — 5 . 4
— — — 8 . 9
— — — 11.5

Id Measurer
D n d u c t i v f t y C
pmhos/cm pa

2390
2380
2790
2680
2500

911
904

2680
2680
2630

385

5530

185
' 2330

191
1907

11000

ondudivi ty
emera/cm

"2601
3050

"3057
' 2 8 5 7

3030
' 9 7 8
' 9 9 7
3200
2871
3170
M02

258
6700

208
' 2 5 3 3

195
2050

13180

PHsu

6.05
6.40
6.12
5.71
5.62
6.84
6.56
5.82

5.75
7.52
6.70

4.7
6.99
7.42
6.14
6.48
5.51
4.16

DO Alkm o / I m g / l

117
0.40 212

— — — 64.2

1 .67 35.8
Co C

— — — 72.9
2.3 99.1

no 7

2.5 97.1
— — — 1 0 3

--- 4fi 4

0.35 38.3
00*3

1.92 77.9
— — — 1 1 6

1.08 62.3
0.48 15.6

4.8 <5

T S Sm g / l

7
29
12
46
49

8
4

27
24
12
<4
21
14
20
18
68
<4
12
99

N i l ,
m g / l

0.14
0.24
0.27
0.12
0.24
0.19
0.19
0.14
0.13
0.18

<0.05
<0.05

0.24
0.07

<0.05
0.13

<0.05
0.14
4.21

N C y N O ,m g / l

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

0.07
<0.05

0.31
0.16

<0.05
<0.05
<0.05
<0.05
<0.05

0.13

PO,m g / l

<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02

0.09
0.09
0.04
0.02
0.06
0.04

<0.02
0.05

<0.02
0.03

<0.02
0.03

* Field measurements for these s i te s were taken by USGS.
A EPA c o n d u c t i v i t i e s were taken in the lab due to p r o b l e m s wi th the probe In the f i e l d . C o n d u c t i v i t i e s wereo r i g i n a l l y measured in p m h o s / c m but were corrected to / j s i e m e n s / c m u s ing a YSI f o r m u l a .



F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996

S a m p l i n gS t a t i o n

M W - 1
M W - 2
M W - 3
M S R W - 3
M W - 6 U
M W - 7 U
M W - 7 L
M W - 8 M Both
M W - 8 M M I X
M W - 8 U
M W - 9
M W - 1 2
M W - 1 3
M W - 1 4
M W - 1 5
M W - 1 6
M W - 2 0
ORO-1
S B - R F 3

S a m p l e C o l l e c t i o nDate & T i m e

6/1 1 / 9 6 ©1540
6/1 3/96 ©11 32
6 / 1 0 / 9 6 ©1625
6/1 0/96 ©1535
6/1 2/96 ©1412
6/1 1/96 ©1420
6/1 1/96 ©1145
6/1 3/96 ©0945
6/1 3/96 ©0945
6/1 2/96 ©1550
6 / 1 0 / 9 6 ©1714
6/1 1/96 ©1000
6/1 4/96 ©1030
6/1 0/96 ©1648
6/1 1 / 9 6 ©1430
6/1 0/96 ©1554
6/1 2/96 ©1030
6/1 1 / 9 6 ©1730
6/1 2/96 ©1620

Fm g / l

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

» <0.2

Clm g / l

1.85
1.93
<0.5
4.12
2.98
1.40
1.40
2.34
2.35
2.41 .
1.34
4 OR

4.62
2.09
1.35
2.70

2.71
8 2.79

S0 4m g / l

2520
2410

" 2920

2640
755
7*37

2730
2690
2750

116
71.0

7830
1910
33.6

" 2280
41.0
1740

« 19200

Brm g / l

<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

' <0.5

T O C H g - tm g / l / / g / l

<1.5 <0.2
1.8 <0.2
j 7

<1.5 <0.2
<1.5 -----

<1.5 <0.2
<1.5 <0.2
<1.5 <0.2

1 p

<1.5 <0.2
0 C

<1.5 <0.2

1 Q

11.7 <0.2

Ca-dm g / l

416.3
552.0
391.4
*aqq rj

442.0
145.1
159.6
432.0
437.2
491.0
~7R "77

rto QO

473.0
590.5
39.45
472.7

280.5
431.5

M g - dm g / l

•4 OQ Q

132.4
179.9
\ QC a

142.3
41.77
A>3 QO

157.7
160.6
171.0

K Q f l .

5.47
383.1
100.5

2.40
139.0

4.27
QO 07

374.4

Hardne s sm g / l

1610
1920
1720
1540
1690

534
579

1730
1750
1930

91 ft

2760
1890

108
1750

OQ f")

1080
2620

N a - dm g / l

1 *̂  97

12.81
10.98
13.07
14.96

4.54
4.90

12.73
12.85
14.80

9 Kn

2.11
18.39
13.58

2.27
13.66

A QQ

Q R7

16.87

K - dm g / l

4.1
1.7
4.4
5.7
3.2
2.0
2.1
3.1
3.3
4.6
1.9

12.2
4.9

4.7
1.0
4.7

M 28 Day H o l d i n g T i m e was exceeded.
0 S p i k e values for anions were out of control l i m i t s . V a l u e s are su spe c t .N O T E : " - f = T o t a l Recoverable ' - d 1 = D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996
S a m p l i n gS t a t i o n

M W - 1
M W - 2
M W - 3
M S R W - 3
M W - 6 U
M W - 7 U
M W - 7 L
M W - 8 M Both
M W - 8 M M i x
M W - 8 U
M W - 9
M W - 1 2
M W - 1 3
M W - 1 4
M W - 1 5
M W - 1 6
M W - 2 0
ORO-1
S B - R F 3

S a m p l e C o l l e c t i o nDate & T i m e

6 / 1 1 / 9 6 @1540
6 / 1 3 / 9 6 @1 132
6/1 0/96 ©1625
6/1 0/96® 1535
6 / 1 2 / 9 6 @1412
6 / 1 1 / 9 6 ©1420
6/1 1/96 ©1145
6/1 3/96 @0945
6/1 3/96 @0945
6 / 1 2 / 9 6 @1550
6 / 1 0 / 9 6 ©1714
6/1 1 / 9 6 ©1000
6 / 1 4 / 9 6 @1030
6/1 0/96 @1648
6/1 1 / 9 6 ©1430
6/1 0/96 ©1554
6/1 2/96 ©1030
6/1 1 / 9 6 ©1730
6 / 1 2 / 9 6 ©1620

PHsu

6.05
6.40
6.12
5.71
5.62
6.B4
6.56
5.82

_ _ _ _ _
5.75
7.52
6.70

4.7
6.99
7.42
6.14
6.48
5.51
4.16

A l k .m g / l

117
212

64,2
8.65
35.8
53.6
72.9
99.1
98.7
97.1
103

46.4
38.3
223

77.9
116

62.3
15.6

<5

Hardne s sm g / l

1610
1920
1720
1540
1690

534
579

1730
1750
1930

. 218
118

2760
1890

108
1750
89.0

1080
2620

C d - tp g / i

163
6.4

318
651
143

2
1.6

398
395
392
2.4
2.3

5380
0.7

<0.5
58.5
<0.5
278

14600

C d - dp g / i

159
6.2

312
657
147
1.0
0.8

404
412
426
2.1
1.1

5710
<0.5

0.6
58.0
<0.5
271

14300

Cr-tp g / i

<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
9.8
<4
<4
<4
<4
4.4
<4

<40

Cr-d/ * g / i

<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

<40

Cu-t^g/ i

6.2
<0.8
17.2

260.9
26.6
<0.8
<0.8
<0.8
<0.8
<0.8

3.2
7.0

17.8
<0.8
10.1

<0.8
1.9

37.0
6812.0

Cu-d
P O / I

4.1
<0.8
<0.8

219
22.8
<o.a
<0.8
<0.8
<0.8
<0.8

2.1
1.0
9.2

<0.8
1.4

<0.8
1.2

17.2
7000.0

A g - t
P 9 / I

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
0.20
<0.2
<0.2
<0.2
0.70
<0.2
<0.2
0.60
1.00

A g - d
M / l

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
0.30

NOTE: •-«• = T o t a l Recoverable "-d* = D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996
S a m p l i n gS t a t i o n

M W - 1
M W - 2
M W - 3
M S R W - 3
M W - 6 U
M W - 7 U
M W - 7 L
M W - 8 M BOU,
M W - 8 M M I X
M W - 8 U
M W - 9
M W - 1 2
M W - 1 3
M W - 1 4
M W - 1 5
M W - 1 6
M W - 2 0
ORO-1
S B - R F 3

S a m p l e C o l l e c t i o nDate & T i m e

6/1 1/96 @1540
6/1 3/96 ©1132
6/1 0/96 @1625
6 / 1 0 / 9 6 ©1535
6 / 1 2 / 9 6 @1412
6/1 1/96 ©1420
6/1 1/96 ©1145
6/1 3/96 ©0945
6/1 3/96 ©0945
6/1 2/96 ©1550
6 / 1 0 / 9 6 ©1714
6/1 1/96 ©1000
6 / 1 4 / 9 6 ©1030
6/1 0/96 ©1648
6/1 1 / 9 6 ©1430
6 / 1 0 / 9 6 ©1554
6 / 1 2 / 9 6 ©1030
6/1 1/96 ©1730
6/1 2/96 ©1620

PHsu

6.05
6.40
6.12
5.71
5.62
6.84
6.56
5.82

5.75
7.52
6.70

4.7
6.99
7.42
6.14
6.48
5.51
4.16

A l k .m g / l

117
212

64.2
8.65
35.8
53.6
72.9
99.1
QQ -TS O . /

97.1
103

46.4
38.3
223

77.9
116

62.3
15.6

<5

H a r d n e s gm g / l

1610
1920
1720
1540
1690
534
579

1730
• J 7 c n1 / OU

1930
218
118

2760
1890

108
1750
89.0

1080
2620

Zn-t
P 9 / I

187370
79599

253190
216770
166770
40007
33842

241580
240860
239240

66.2
280.9

1072100
5278.4

219.7
126070

32.8
166910

3155500

Zn-dfan

180760
73900

245600
213210
173000
42446
34209

235660
ooQivntO3 I /U

261000
224
178

1076900
4923

<4
126320

30.4
156710

3090000

A l - t
P 9 / I

96
<40

1412
2500
9606

103
51

638
C Q QOJO

546
91

1547
710
<40

7000
1441

639
629

251480

A l - d
P S / I

52
<40

94
1351
1377
<40
<40

54
55

129
<40
<40
606
<40
<40
<40
<40
428

256000

F e - t
P 9 / I

162980
154953
294692
175133
276507

71912.9
70314.5
160500
160925
154199

180.6
1482.2

12161.4
16643.0

5008.5
121620

504.3
90187.6

4467030

F e - d/ j g / i

159319
141607
283519
172567
281000
77407.7
71545.2
158000
4 ( M O Q O1 D 1 <3a£

168000
35.1

<5
13373.8
16446.1

<5
120540

8.2
84371.4
4450000

Pb-tp g / i

448.0
1.3

534.8
577.2
301.1

11.8
6.0

99.3
Q7 7y i .t
86.9

4.6
4.9

680.5
2.4

30.2
17.1

2.1
453.3

1203.1

Pb-d
P 9 / I

316.8
<0.8

309.3
373.3
113.3
<0.8

1.1
27.6
30.7
27.5
<0.8
<0.8

683.6
<0.8
<0.8
<0.8
<0.8

262.3
1113.0

N O T E : "-f = T o t a l Recoverable •-d" = D i s s o l v e d



F R E N C H G U L C H C H E M I S T R Y D A T A : J u n e 10-12, 1996
S a m p l i n gS t a t i o n

M W - 1
M W - 2
M W - 3
M S R W - 3
M W - 6 U
M W - 7 U
M W - 7 L
M W - 8 M Both
M W - 8 M M I X
M W - 8 U
M W - 9
M W - 1 2
M W - 1 3
M W - 1 4
M W - 1 5 .
M W - 1 6
M W - 2 0
ORO-1
S B - R F 3

S a m p l e C o l l e c t i o nDate & T i m e

6/1 1/96 ©1540
6/1 3/96 @1 132
6/1 0/96 @1625
6/1 0/96 @1 535
6/12/96 ©1412
6/1 1/96 ©1420
6 / 1 1 / 9 6 © 1 1 4 5
6/1 3/96 @0945
6/1 3/96 @0945
6 / 1 2 / 9 6 @1550
6 / 1 0 / 9 6 @1714
6/1 1/96 ©1000
6/1 4/96 ©1030
6/1 0/96 @1 648
6 / 1 1 / 9 6 @ 1 4 3 0
6/1 0/96 ©1554
6 / 1 2 / 9 6 ©1030
6/1 1/96 ©1730
6/1 2/96 ©1620

PH
8U

6.05
6.40
6.12
5.71
5.62
6.84
6.56
5.82

_ _ _ _ _
5.75
7.52
6.70

4.7
6.99
7.42
6.14
6.48
5.51
4.16

A l k .
m g / l

117
212

64.2
8.65
35.8
53.6
72.9
99.1
98.7
97.1
103

46.4
38.3
223
77.9
116

62.3
15.6

<5

Hardne s sm g / l

1610
1920
1720
1540
1690

534
579

1730
1750
1930
218
118

2760
1890

108
1750
89.0
1080
2620

M n - t
P 9 / I

49876.0
38612.2
108700

50029.5
50276.3
17831.7
20367.8
60132.0
60339.4
59803.0

36.1
80.5

194410
5216.4

135.6
38877.4

44.1
36111.1
253987

Mn-d
P a / I

49205.5
36063.0
109365

50711.5
52800.0
19153.5
20673.6
61716.1
63124.6
68031.0

49.2
41.8

221751
5048.0

3.8
39336.6

37.8
34203.6
256600

N i - t
P f l / l

154.2
155.8
242.6
141.2
193.5
26.9
25.3

172.0
179.0
162.2

<10
<10

1167
12.2
<10

154.6
<10

118.2
778.5

N i - dfan

152.6
146.9
233.6
135.0
195.9

25.2
30.4

162.7
168.6
150.0

<10
<10

1185
14.6
<10

150.4
<10

107.2
668.0

As-tp a / i

35.3
28.7
22.9
16.2
22.0

2.4
2.7

49.9
50.0
40.4
<0.8
<0.8
<0.8

6.4
2.9

24.9
<0.8

9.2
7.6

As-dp a / i

34.2
34.7
14.2
13.0
21.3

1.6
2.3

46.7
45.0
45.2
<0.8
<0.8

0.9
6.2

<0.8
19.5
<0.8

5.8
6.3

NOTE: *-f = T o t a l Recoverable •-d" = D i s s o l v e d



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996

S a m p l i n g
S t a t i o n

M W - 1
M W— 1 Repl i ca t e
M W - 3
M S R W - 3
M W - 9
M W - 1 6
M W - 2 0
ORO-1

S a m p l e C o l l e c t i o nDate & T i m e

7 / 3 2 / 9 6 @1 832
7 / 2 2 / 9 6 ©1832
7 / 2 2 / 9 6 @1 855
7/22/96 ©1642
7 / 2 2 / 9 6 ©171 9
7 / 2 2 / 9 6 ©1810
7 / 2 2 / 9 6 ©1702
7 / 9 9 / Q R <S>17dn

F l o w T e m p C p n d
cfs *C / J m h o s / c m

— — — — 8 . 9

— — — 8 . 4
9 2
7 o

9.3

an

2080

2510
2110

362
2120

259
i san

PHsu

6 . 3 1 '

5.90
5.50
7.32 '
6.22
7.17
K ns

A l k
m g / l

95.5

83.2
21.6
100
126

94.7
R in

T S Sm g / l

31

60
61
<4
38
61
ad

Fm g / l

<0.2

<0.2
0.33
0.20
<0.2
0.25
n RA

Cl SO,m g / l m g / l

2.01 1880

2.89 2580
1.96 1960
1.52 164
1.96 1900
1.64 85.2
V 71 1 9Qn

Brm g / l

<0.5

2.13 .
1.89

<0.5
<0.5
<0.5
f-n R



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996

S a m p l i n gS t a t i o n

M W - 1
M W — 1 R e p l i c a U
M W - 3
M S R W - 3
M W - 9
M W - 1 6
M W - 2 0
ORO-1

S a m p l e C o l l e c t i o nDate & T i m e

7/22/96 @1832
7/22/96 @1 832
7/22/96 @1855
7/22/96 @1842
7/22/96 @1719
7/22/96 @1810
7/22/96 @1702
7 / 2 2 / 9 6 @1740

PHsu

6.31

5.90
5.50
7.32

. 6.22
7.17
5.02

A l km g / l

95.5

83.2
21.6
100
126

94.7
6.10

, H a r d n e s sm g / l

1480

1540
1470

257
1600

135
947

N i - t

140.5
141.2
202.6
112.9
<10

154.6
<10

112.9

N i - d As-t

147.2 75.30
' 71 ?n

195.8 31.40
118.5 10.80

<10 <1
146.3 32.00

<10 3.80
121.7 12.50

As-d

39.60

21.70
4.70

<1
19.10

<1
6.60

NOTE: "-V = T o t a l Recoverable •-d" = Dis s o lv ed



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996

S a m p l i n gS t a t i o n

M W - 1
M W — 1 R e p l i c a U
M W - 3
M S R W - 3
M W - 9
M W - 1 6
M W - 2 0
ORO-1

S a m p l e C o l l e c t i o nDate & T i m e

7/22/96 @1832
" 7 / O O / Q f t / T i ^ m Q Q

7/22/96 @1 855
7/22/96 @1 642
7/22/96 @1719
7 / 2 2 / 9 6 @1B10
7/22/96 @1702
7 / 2 2 / 9 6 @1 740

PHsu

6.31

5.90
5.50
7.32
6.22
7.17
5.02

A l km g / l

95.5

63.2
21.6
100
126

94.7
6.10

H a r d n e s sm g / l

1480

1540
1470

257
1600

135
947

F e - t, ^ g / l

.166050
H < 5 K ' 3 O n

368280
175680

247.4
131800
4187.8
76830

F e - d/ ' g / i

149110

325160
163590

10.4
119050

<5
68890

Pb-tp g / i

1233.3
4OOO 4

486.62
727.59

5.3
21.8
17.8

820.57

Pb-d/ ' g / i

509.37

374.40
327.22

<0.8
5.6

<0.8
608.60

M n - t
P 3 / I

47035.4
46986.0
82210.2
49179.8

112.9
40329.5

143.4
33919.2

Mn-d/ * g / i

45718.2

76710.5
50192.4

94.0
38889.7

45.2
32647.4

NOTE: "-f = T o t a l Recoverable •-d" = Dis so lved



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996

S a m p l i n gS t a t i o n

M W - 1
M W — 1 R e p l i c a t .
M W - 3
M S R W - 3
M W - 9
M W - 1 6
M W - 2 0
ORO-1

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 2 / 9 6 @1832
7 / 2 2 / 9 6 @1832
7/22/96 @1855
7/22/96 @1842
7/22/96 @1719
7/22/96 @1810
7 / 2 2 / 9 6 @1702
7 / 2 2 / 9 6 @1740

pHsu

6.31

5.90
5.50
7.32
6.22
7.17
5.02

A l k H a r d n e s sm g / l m g / l

95.5

83.2
21.6
100
126

94.7
6.10

1480

1540
1470

257
1600

135
947

A g - t
W J / I

' <0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
1.10

A g - d/ ' a / i

<0.2

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

Zn-t
/ / f t / I

191010
190660
230010
213800

100.9
142660

142.8
166840

Zn-d/ ^ a / i

177090

205120
205700
. 92.5
131150

38.7
155530

A l - tvail

560
583

1979
4063

60
1128
3817
2577

A l - d/ ^ g / i

180

81
1050
<40
<40
<40

1905

NOTE: "-f = T o t a l Recoverable --d" = Dis so lved



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996

S a m p l i n gS t a t i o n

M W - 1
M W — 1 R e p l i c a t e
M W - 3
M S R W - 3
M W - 9
M W - 1 6
M W - 2 0
ORO-1

S a m p l e C o l l e c t i o nDate & T i m e

7/22/96 @ 1832
7/22/96 @1 832
7/22/96 @1 855
7/22/96 @ 1842
7/22/96 @1719
7 / 2 2 / 9 6 @1810
7/22/96 @1702
7/22/96 @1 740

PHsu

6.31

5.90
5.50
7.32
6.22
7.17
5.02

A l k H a r d n e s sm g / l m g / l

95.5

83.2
. 21.6

100
126

94.7
6.10

1480

1540
1470

257
1600

135
947

Cd-t

187
186
193
597
2.6

91.3
2.5

343

Cd-d

156

173
589
2.1

78.4
1.9

323

Cr-t

<4
<4
<4
<4
<4
<4
<4
<4

Cr-d Cu-t

<4 186.6
ion n

<4 12.4
<4 207.1
<4 1.0
<4 1.9
<4 10.9
<4 178.9

Cu-d

20.2

<0.8
183.7
<0.8
<0.8

1.4
69.6

N O T E : ' - f = T o t a l Recoverable •-d" = Dis so lved



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996

S a m p l i n gS t a t i o n

M W - 1
MW — 1 R o p l l c a t e
M W - 3
M S R W - 3
M W - 9
M W - 1 6
M W - 2 0
ORO-1

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 2 / 9 6 @1832
7/22/96 @1 832
7/22/96 @1 855
7/22/96 @1842
7/22/96 @1719
7/22/96 @1810
7/22/96 @1 702
7/22/96 @1740

T O G N H ,m g / l m g / l

<1.5 0.19

1.6 0.40
1.6 0.17

<1.5 <0.05
<1.5 0.16
<1.5 <0.05

6.7 0.21

N O 2 / N O ,m g / l

,0.05

0.07
0.05

<0.05
<0.05
<0.05
<0.05

m g / l

0.05

<0.02
0.02

<0.02
<0.02

0.07
0.03

Ca-dm g / l

385.6

380.4
376.0
90.80
432.8
43.08
242.5

M g — d H a r d n e s sm g / l m g / l

126.4

144.5
130.1

7.39
126.3

6.55
82.98

1480

1540
1470

257
1600

135
947

N a - dm g / l

13.31

11.67
12.81

2.79
13.15
22.57

9.34

K - dm g / l

3.9

4.4
2.4
1.1
1.1
1.7
4.5

NOTE: "-d" = Dis so lved



i \
T A B L E 2: WELLINGTON ORO MINE SITE

D O M E S T I C WELL S A M P L I N G R E S U L T S
T o t a l and Disso lved M e t a l s (ug/L) page 1 o f 2

L o c a t i o n
A d d r e s s
N a m e
Treatment S y s t e m
W a t e r S a m p l e d
W e l l D e p t h
C a d m i u m T
C a d m i u m D
Calc ium T
Calc ium D
Cobal t T
C o b a l t D
C o p p e r T
C o p p e r D
I r o n T
I r o n D
L e a d T
L e a d D
M a g n e s i u m T
M a g n e s i u m D
M a n g a n e s e T
M a n g a n e s e D
N i c k e l T
N i c k e l D
Potas s ium T
Pota s s ium D
S o d i u m T
S o d i u m D
Z i n c T
Z i n c D

B A C K G R O U N D
GW-01
B a c k g r o u n d
3821 FCR
G r l g g s
S o f t e n e r , F i l t e r
U n t r e a t e d
U n k n o w n

4.90
4.70

51100.00
50500.00

1.00
1.00
3.60
2.00

1030.00
929.00

17.30
14.40

7320.00
7220.00

653.00
646.00

2.70
2.70

1170.00
1200.00
1330.00
1220.00

822.00
808.00

B
B

U
U
B
B
J
J

U
U
BJ

B
B

GW-02
B a c k g r o u n d
3882 FCR
Peters
S o f t e n e r , F i l t e r
U n t r e a t e d
55 F e e t

1.10
1.10

39700.00
36900.00

1.00
1.10

71.30
59.70

1930.00
33.00

2.90
1.60

3960.00
3610.00

7.70
3.20
2.70
2.70

1020.00
978.00

1560.00
1350.00

40.70
28.50

U
U

U
U

J
U
U
B
B
B
B
B
U
U
BJ
B
B
B

J

N O R T H S I D E F R E N C H C R E E K
G W - 0 3

1321 FCR
J o h n s o n s
N o n e
U n t r e a t e d
1 2 5 F e e t

1.10
1.10

85700.00
82500.00

1.00
1.00

30.90
26.40

108.00
85.40

1.50
4.20

20300.00
19500.00

6. BO
6.80
2.70
2.70

2530.00
2530.00
6480.00
6100.00

80.70
72.20

U
U

U
U

J
U
U

B
B
U
U
BJ
B

J

GW-04
I n d u s t r i a l
Park
Not for DW
N o n e
U n t r e a t e d
U n k n o w n
::|:$sp$i>$;:
«i«iiii;:

52600.00
91700.00

1.00
1.00

16.00
£2.30
55.30
47.70

6.20
8.60

10200.00
9870.00

1.50
1.80
4.80
4.40

1660.00
1900.00
4530.00
4320.00

U
U
B

U
U
U

B
B
B
B
BJ

B
B

J

GW-05
P e a k S
T r a i l e r Park
Dowdy
C h l o r l n a t l o n
U n t r e a t e d
U n k n o w n

1.10
1.10

88500.00
76500.00

1.00
1.00
3.90
1.30

74.60
70.30

2.40
1.40

15300.00
13200.00

4.80
3.70
2.70
2.70

3490.00
3200.00i p l H Kl l l l & i & l s

62.50
54.50

U
U

U
U
B
B
U
U
U
U

B
B
U
U
BJ
B

J

GW-06
H u r o n H t s
347 H u r o n
T e a l s
N o n e
U n t r e a t e d
65 F e e t

1.10
1.10

76500.00
78300.00

1.00
1.00

13.90
18.90

138.00
71.30

3.20
4.80

13700.00
14000.UO

4.00
3.30
2.70
2.70

3380.00
3520.00

s s S H i b f t o Si l i$s!op;
49.70
68.40

U
U

U
U
B
B
J
U
U
U

B
B
U
U
BJ
B

J

G W 4 7
H u r o n H t s
7 2 C R 4 5 1
N e d s
Unknown
O u t s i d e ?
U n k n o w n

7.10
5.80

67600.00
56800.00

1.00
1.00

l i l&S-oo!
165.00

76.10
55.50

4.20
3.50

11700.00
9920.CO

2.70
1.90

i:;:;:iS;:8$L
ISSxw.

2280.00
2010.00

t l l s l s i i S i j
$ t i $ f l p Q
: p B i f f i $ ; o a

2290.00

U
U

U
U
U

B
B
B
B
BJ
B

B

J

GW-08
H u r o n H t s
457 CR 451
P h i l l i p s
N o n e
U n t r e a t e d
U n k n o w n

1.10
1.10

81700.00
81000.00

1.00
1.00

19.20
16.00
58.70
52.90

3.00
1.40

14000.00
13900.00

6.70
8.10
2.70
2.70

3310.00
3390.00

s j l s s l l & o l
i i l f t io^i

20.10
18.60

U
U

U
U
B
B
U
U
U
U

B
B
U
U
BJ
B

'
BJ

GW-09
H u r o n H t s
151 C R 4 5 1
McDowe l l
F i l t e r
U n t r e a t e d
125 F e e t

1.10
1.10

47700.00
46400.00

1.00
1.00
2.80
1.20

48.20
50.00

2.00
1.70

6610.00
6430.00

104.00
103.00

2.70
2.70

3100.00
3180.00

m f f i s eaSif io":
si f slioiw;

335.00
325.00

U
U

U
U
B
U
U
U
U
B

U
U
BJ
B

J

U not d e t e c t e d
J e s t imate because the q u a l i t y control criteria (qcc) were not met
B est imate because the ana ly t e is present at a concentration below the contract required d e t e c t i o n l imit (CRDL)

i-WiSi? E l e v a t e d c onc en t ra t i on . V a l u e i s greater than 3x t imes background (BG), or if not d e t e c t e d in the BG, concentra t ion is greater t h a n CRDL



T A B L E 2 : W E L L I N G T O N O R O M I N E S I T E
D O M E S T I C WELL S A M P L I N G R E S U L T S

T o t a l and Dissolved M e t a l s (ug/L) p a g e 2 of 2

L o c a t i o n
A d d r e s s
Mame
T r e a t m e n t S y s t e m
W a t e r S a m p l e d
W e l l D e p t h
C a d m i u m T
C a d m i u m D
Calcium T
C a l c i u m D
C o b a l t T
C o b a l t D
C o p p e r T
C o p p e r D
I r o n T
I r o n D
L e a d T
Lead D
M a g n e s i u m T
M a g n e s i u m D
M a n g a n e s e T
M a n g a n e s e D
N i c k e l T
N i c k e l D
P o t a s s i u m T
P o t a s s i u m D
S o d i u m T
S o d i u m D
Z i n c T
Z i n c D

S O U T H S I D E F R E N C H C R E E K
GW-10
Breek H t s
5 8 1 H i g h F t
P o d e r e c k l
N o n e
U n t r e a t e d
150 F e e t

1.10
1.10

23700.00
21800.00

1.00
1.20

I l l l i z i b l ;
• I S i - i S i S i & b S :

£4.90
28.90

2.80
3.80

9690.00
5330.00

194.00
165.00

2.70
2.70

1070.00
1090.00

l l l l & o l l
l l t s i S o l S o :

55.10
52.10

U
U

U
B

U
U
U

U
U
BJ
B

J

GW-11
Brack H t s
921 High Pt
S u m m
N o n e
U n t r e a t e d
140 F e e t

1.10
1.40

22700.00
22400.00

1.00
1.00

23.40
21.60
50.80
33.70

1.40
2.70

6720.00
6660.00

10.70
9.50
2.70
2.70

1480.00
1550.00

i i i fp l c i:
l i l l f f i

7.10
8.40

U
U

U
U
B
B
U
U
U
B

B
B
U
U
BJ
B

B
BJ

GW-12
Breck H t s
761 High Pt
M c C l e a r y
N o n e
U n t r e a t e d
140 F e e t

1.10
1.10

22000.00
22200.00

1.00
1.00

20.40
27.50
29.80

203.00
3.10
1.70

6890.00
8310.00

1.90
2.20j
2.70
2.70

1260.00
1320.00

I l l M i i o i i i J S :
3li;$90;<$

1.10
2.90

U
U

U
U
B

U
J
U
B

B
B
U
U
BJ
B

U
BJ

GW-13
Breck Hts
1091 High Pt
K n l c k r e h m
U n k n o w n
U n t r e a t e d
Unknown

1.10
1.10

16600.00
16000.00

1.00
1.00

73.10
96.70
25.70
33.40

1.50
1.90

4440.00
4290.00

0.60
0.60
2.70
2.70

1190.00
1240.00I l i l l l H t

13.00
13.20

U
U

U
U

U
U
U
B
B
B
U
U
U
U
BJ
B

B
BJ

GW-14
Brack Hts
491 High Pt
K u e n n e n
F i l t e r , S o f t e n e r
U n t r e a t e d
230 F e e t

1.10
1.10

17300.00
17100.00

75.20
21.60

1710.00
3.50
3.00

6070.00
6020.00

£::-x-x-x-:-:-x-x-x-x-x-wwwm®
: : ; : - : ° x - : ° : - : - i ' x - x i - i - : j i ' K ' ':;:;::Sj:;:f fS;Ws80:;

1550.00
1580.00

111$$$$
1960.00
1910.00

U
U

B
B

B
J
J
U
B

B
B
BJ
B

J .

GW-18
Breck H t s
5 1 1 H l g h P t
Rahn
F i l t e r S o f t e n e r e t c
F i l t e r e d o n l y
U n k n o w n

6.80
6.70

10500,00
10500.00

3180.00
875.00

14.40
4.60

3130.00
3120.00l i i l l i l b t

l l l i l l l S i i i ' Sl l i l l l l i
1380.00
1470.00tmm&ftm

668.00
664.00

B
B

J
J

B
B

B
B
BJ
B

J

Q A S A M P L E S
G W - 1 5
B l a n k

1.10
1.10

394.00
443.00

1.00
1.00
1.30
1.20

16.00
19.20

1.40
1.60

35.10
56.90

1.50
0.61
2.70
2.70

39.20
54.80

187.00
187.00

7.90
8,10

U
U
B
B
U
U
B
B
U
U
U
B
U
U
B
B
U
U
U
U
U
U
B
BJ

GW-16
B l a n k

1.10
1.10

1000.00
650.00

1.00
1.00
3.30
1.20

23.50
28.00

1.40
1.40

157.00
88.00

0.60
16.60

2.70
2.70

55.80
106.00
187.00
291.00

55.80
5.90

U
U
U
U
U
U
B
U
U
U
U
U
U
U
U

U
U
U
U
U
B

BJ

GW-17
D u p l i c a t e
of GW-04

26.10
25.90

53100.00
52600.00

1.00
1.00

70.50
66.30
74.60
51.30

1.40
1.40

10200.00
10100.00

11.80
1.90
4.90
5.50

1870.00
1960.00
4580.00
4520.00
6210.00
6150.00

U
U

U
U
U
U

B
B
B
B
BJ

B
B

J

U not d e t e c t e d
J e s t i m a t e because the q u a l i t y control criteria (qcc) were not met
B e s t i m a t e because the a n a l y t e i s pr e s en t at a concentration below the contract required d e t e c t i o n l i m i t ( C R D L )

ffffffflts$!;SS E l e v a t e d c o n c e n t r a t i o n . V a l u e i s gr ea t er than 3x times background ( B G ) , or if not d e t e c t e d in the BG. c o n c e n t r a t i o n is grea t er than CRDL
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ATTACHMENT D

Summary o f A p r i l , 1997 Domes t i c W e l l S a m p l i n g Resul t s
The October 1996 s a m p l i n g i d e n t i f i e d two residences in the Breckenridge Hts area with high
l eve l s of manganese 7-10 m i l l i g r a m s per l i t er . There is no MCL for manganese but the
consensus among t o x i c o l o g i s t s I have spoken to is that p e o p l e should not be consuming water
with greater than 1.0 m i l l i g r a m s per l i t e r and the eventual MCL will l i k e l y be lower than that.
This sampling only sampled untreated water.
Another round of s a m p l i n g was p er f ormed hi Apri l to resample these wel l s both be fore and a f t er
treatment and to sample add i t i ona l nearby wel l s not previously sampled. Here are the results of
this s ampl ing
GW-14 (491 H i g h Point). Original Untreated manganese at 10,300 ug/L. A le t t er advising the
occupants not to consume the water was issued on February 12, 1997. T h i s well was not
resampled because they did not have their treatment system on-line at the time.
G W - 1 8 ( 5 1 1 H i g h Point). Original Untreated manganese at 7,180 ug/L. A letter advising the
occupants not to consume the water was issued on February 12, 1997. The r e sampl ing of this
well contained 6,250 ug/L be fore in-house treatment and 758 ug/1 after. A let ter will be sent '
along with the results recommending the occupants not consume the water.
G W - 1 9 (451 H i g h Point). New well. T h i s water tested over 6,000 ug/1 for the be fore and a f t e r
treatment samples. The owner was not home at the time and a neighbor let us in - a b o t t l e d water
di spenser was in the kitchen. A let ter will be sent along with the results recommending the
occupants not consume the water.
GW-20 ( 5 3 1 H i g h Point). New well. T h i s water tested 3,250 ug/L be fore treatment but
nondetect (le s s than 10 u g / L ) a f t e r . I n t e r e s t i n g l y , this well also had 12 ppb cadmium (mcl =5)
and 42 ppb lead (action level = 1 5 ) be fore treatment and nondetect a f t er . T h i s is the highest lead
level seen in any of the domest ic samples.
GW-21 (621 H i g h Point). New well. T h i s well tested low manganese at 62.4 ug/L a f t e r
treatment. I believe the b e f or e treatment sample which has s imilar concentrations for all analytes
was not a c t u a l l y untreated. T h e r e f o r e the result s of GW-21 A ( a f t e r treatment) will be q u a l i f i e d
accord ingly .
GW-23A (471 H i g h Point). New well . T h i s well tested 2000 ug/L manganese a f t e r treatment.
We were unable to co l l e c t a b e f or e treatment sample. A le t t er will be sent along with the results
adv i s ing the occupants not to drink the water.
S U M M A R Y
A cluster of 5 homes located f r o m 451 to 531 H i g h Point Drive have high l eve l s of manganese in
untreated water sample s . The e f f e c t i v e n e s s of the in-house treatment systems varies.



F R E N C H G U L C H D O M E S T I C W E L L S A M P L I N G R E S U L T S
A P R I L 1997 S A M P L I N G

M E T A L S I N u g / L
R E S A M P L E R E S A M P L E R E S A M P L E R E S A M P L E N E W N e w N e w N e w N e w N e w

S a m p l e I D
L o c a t i o n
Date
A d d r e s s
N a m e
T r e a t m e n t S y s t e m
W a t e r S a m p l e d
W e l l D e p t h
C a d m i u m T
C a d m i u m D
C a l c i u m T
C a l c i u m D
C o b a l t T
C o b a l t O
C o p p e r !
C o p p e r D
Iron T
Iron D
L e a d !
Lead D
M a g n e s i u m T
M a g n e s i u m D
M a n g a n e s e T
M a n g a n » » e D
N i c k e l T
N i c k e l D
P o t a s s i u m T
P o t a s s i u m D
S o d i u m T
S o d i u m 0
Z l n c T
Z l n c D

G W - 0 1 G W - 0 1 B G W - 0 1 A

Oct96
3 5 2 1 F C R
O r i g g t
S i n k F l l w r , S o f t
U N T R E A T E D
Unknown

4.90
4.70

(1100.00
SO 500.00

1.00
1.00
3.60
1.00

1030.00
929.00

17.30
14.40

7120.00
7220.00
esi.oo
141.00

2,?o
2.70

1170.00
1200.00
1330.00
1220.00

922.00
909.00

D
a

u
u
B
B
J
J

U
u
BJ

B
B

Apr 97
3»21 F C R
Origgi
S i n k F I R e r . S o l t
U N T R E A T E D B
Unknown

5.00

4X00.00

10.00

14.90

1240.00

16.60

C930.00

631.00

20.00

1000.00

1170.00

932.00

U

U
U

u
u

Apr 97
3»21 Icr
O r l g g t
S i n k S I H e r . S o f t
T R E A T E D A
Unknown

6.00

(0700.00

10.00

10.00

100.00

1.00

(970.00

122.00

20.00

1000.00

11(0.00

(22.00

U

U

U

U

U

U

U

G W - 1 4
Breck H i .
Oet9(
491 High Pt
K u t n n t n

: l t t e r , S o f t e n e r
U n t r e a t e d
230 F e e t

1.10
1.10

17300.00
17100.00

21.90
21.60
75.20
21. SO

12900.00
1710.00

1.50
1.00

€070.00
6020.00

10300.00
10100.00

10.90
11.20

1550.00
1590.00

10100.00
9730.00
1960.00
1910.00

U
U

B
D

8
J
J
U
B

B
B
BJ
B

J

G W - 1 S
B t e t k H I .
Oct96
(11 H i g h Pt
Rahn
F i l t e r , S o f t e n e r
F i l t e r e d only
U n k n o w n

6.90
6.70

10(00.00
10500.00

9.50
9.60

355.00
290.00

31(0.00
975.00

14.40
4.(0

3130.00
1120.00
7190.00
7120,00

(.10
(.90

1390.00
1470.00
9170.00
9710.00

699.00
6(4.00

B
8

J
J

B
B

B
B
BJ
B

J

G W - 1 8 B
Brack HU
Apr 97
(11 High Pt
Rahn
F i n e r , S o f t e n e r
U N T R E A T E D
Unknown

(.00

9990.00

10.00

1(1.00

(000.00

4.90

2410.00
' ^ —— -
( 62(0.00

—
20.00

1110.00

(240.00

(52.00

U

U

U

U

}

U

G W - 1 8 A
Brack Hti
Apr 97
(1 1 Hkjh Pt
Rahn
F i l t e r , S o f t e n e r
T R E A T E D
Unknown

(.00

1740.00

10.00

(4.20

100.00

3.00

1000.00

~* S-r- •••( 7 5 9 . 0 0
^

20.00

1000.00

3(100.00

91,90

U

U

U

U

U

)

U

u

G W - 1 9 B
Brack HU
Apr 97
4(1 High Pt
C r a l g
Unknown
U N T R E A T E D
Unknown

(.00

6190,00

12.00

23.30

6710.00

3.00

1670.00
„ —— ^

( 6090.00
-̂̂

20.00

1000.00

1410.00

724.00

U

u

u
u

GW-19A
Brack Ht»
Apr 97
451 Hljh Pt
G r a t a
Unknown
T R E A T E D
Unknown

(.00

(590.00

11.(0

(1.00

1360.00

3.00

1750.00

f(110.00
*S *~J"

20.00.

1000.00

1460.00

739.00

U

U

)

U

u

G W - 2 0 B
Brack Hti
Apr 97
(31 High Pt
Combi
F l l t e r . S o f t e n e r
U N T R E A T E D
l l n f c n A w n ^e 2.10

"
3970.00

10.00

212.00

11300.00
^ —— -.

/ 42.60
^ -̂

1090.00
s —— -^

(^ 3250.00

20.00

1000.00

11100.00

529.00

_̂
*\

U

V
s^~]••—
u
u

GW-20A
Brack HU
Apr 97
S U H k j h P t
C o f n b i
F l l t e r . S o n m e r
T R E A T E D
Unknown

-?*&>~*^~^
1000.00

10.00

12.20

100.00

^(-3.00,

1000.00

~~̂  >̂0̂.00

20.00

1000.00

27300.00

20.00

V
u
u

u
l l
u
u
u
u

u

G W - 2 1 A
B r e c k H t s
Apr 97
621 High Pt
3ne»d

= l l t e r , S o r t e n e r
T R E A T E D
Unknown

5.00

11400.00

10.00

10.00

216.00

3.00

12700.00

62.40

20.00

1000.00

(330.00

20.00

U

U

U

U

U

U

U

G W - 2 3 A
B r e c k H U
Apr 97
471 High Pt
O ' N e l l l
F i l t e r
T R E A T E D
250 f e e t

5.00

1370.00

10.00

72.30

2<5.00

3.00

3450.00

"̂2000.00
^ — — — —

20.00

2060.00

43300.00

334.00

U

U

•)

U

U not d e t e c t e d
/ e s t imate because the q u a l i t y control cri teria (qcc) were not met
B es t imate because the ana ly t e is p r e s e n t at a concentraiioi. be low the contract required d e t e c t i o n l imit (CRDL)
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Q u a n t i f i c a t i o n of metal l o a d i n g by t r a c e r - i n j e c t i o n
methods in F r e n c h G u l c h , C o l o r a d o

By Briant A. K i m b a l l , Robert L. Runkel, and Linda J. Gerner

U.S. Geological Survey Water-Resources Investigations
Report 97-xxx

This report is preliminary and has not been reviewed for conformity with U . S . Geological
Survey editorial standards. Any use of trade, produc t , or f irm names is for descriptive
purposes only and does not imply endorsement by the U.S. government.
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A B S T R A C T

Acid mine drainage degrades the water quality in French Gulch, Colorado , a f f e c t i n g
the heal th of aquatic organisms and f i s h in this stream that drains to the Blue River. The
metals originate from drainage of old mines in the watershed and enter the stream in a
complex pattern. Three tracer injec t ions were used to d e f ine hydrologic f l o w p a t h s and
stream hydrologic properties. A lithium chloride tracer in the Oro S h a f t of the
Wel l ington-Oro mine indicated no hydrologic connection of the upper mine sha f t water
with the downgradient alluvium or with the stream. A sodium bromide tracer in an
alluvial well did not result in de t e c tab l e bromide in the downgradient alluvial well or in the
stream. Using a sodium chloride tracer and synoptic sampling, the downstream variation
of stream discharge and metal concentrations indicated those subreaches of French Gulch
where the major i ty of metal loading occurs. There is substantial i n f l o w of metals where
the 11-10 and Bullhide f a u l t s cross the stream, and where surface drainage f rom the
Bullhide Faul t enters the stream. The loading analysis po int s out that the pat t ern of
contamination a f f e c t i n g aquatic l i f e in the stream results from ground water and surface
in f l ow from mine pool drainage.
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I N T R O D U C T I O N

Acid mine drainage degrades the water quality in French Gulch , C o l o r a d o , a f f e c t i n g
the health of f i s h and other aquatic organisms in this stream that drains to the Blue and
Colorado Rivers. The metals originate f r om drainage of old mines in the watershed and
enter the stream in a complex pattern. H i s t o r i c a l l y , French Gulch has been dredged for
placer gold mining and so the hyporheic zone of the stream is unnatural. The hyporheic
zone is the area of alluvium that exchanges water with the stream. The loading of metals
to the stream is f rom surface- and ground-water in f l ows . T h i s complex hydrology has
obscured a consistent picture or conceptual model of the interaction of the various
sources. E f f e c t i v e remediation at this site requires an understanding of the diverse
physical and biogeochemical processes that control spatial p r o f i l e s of metal concentrations
and other acid constituents. Much of this understanding can come from a detailed mass-
loading p r o f i l e of metals in the stream. A tracer-injection experiment was designed to
provide a mass-loading curve and to evaluate the e f f e c t s of instream geochemical
processes.

S p a t i a l variations of pH and toxic metals in streams a f f e c t e d by acid mine drainage
are the result of the interplay of hydrologic and geochemical processes (Bencala and
M c K n i g h t , 1987; Broshears and others, 1995). The approach f o l l o w e d in this study uses
tracer injec t ion and mass-balance calculations to provide an interpretation of these
variations. Tracer-injection methods, combined with computer simulations, have
reproduced mass-loading curves with steady-state patterns of observed pH and metal
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concentrations in other streams around the western United S t a t e s (Kimbal l and others,
1995; Broshears and others, 1996).

There are two principal objectives of this report. The f i r s t object ive is to present a
characterization of the French Gulch site based on a tracer inje c t ion and synopt ic
sampling. The second ob j e c t iv e is to characterize the interactions between ground and
surface water. Results of the tracer inject ion are particular to the hydrologic conditions at
the time of the inject ion. S t r e a m f l o w in French Gulch changes throughout the year
because of the large amount of subsurface f l o w through the porous dredged cobbles.
During snowmelt r u n o f f , there is f l o w in the north and south branches of French Gulch
downstream from the mine (fig. 1). As f l o w decreases during the summer, parts of the
f l o w go below the surface. At the time of this experiment, f l o w decreased between sites
Tl and T2, and then almost comple t e ly vanished between sites T2 and T3. In the vicinity
of the 11-10 F a u l t , however, the f l o w greatly increased from the discharge of many
springs. F l o w continued to increase between sites T3 and T4. Downstream from site T4,
the f l o w was complex, with some inf lows and several points along the stream at which
water visibly f l o w e d f rom the stream under cobbles. Near 1,730 m, the channel sp l i t and
about half the f l o w cascaded to a pond north of the stream. Water f l owed out of the pond
and was visible on the surface until about 1,920 m, where it went below the cobbles.
Some surface drainage that originated at a spring along the Bullhide F a u l t , entered this
side channel at 1,826 m, downstream from the pond. The l e f t channel f rom the spl i t (near
1,730 m) was the north branch of French Gulch, and visibly f l owed all the way to Dead
Elk Pond. It received an i n f l o w at 2,150 m that likely was the return of the side channel
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f r om the pond. Another set of i n f l o w s at 2,400 and 2,422 m were f r o m mine drainage on
the north side of the canyon. It also could have originated with drainage f r o m the Bullhide
F a u l t , but may have had additional contributions f r o m tail ings pi le s . F l o w in the south
branch of French Gulch originated about 200 m upstream from Dead Elk Pond and was
not visibly connected to the f l o w in the north branch.
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M E T H O D S

To study the complex hydrology of French Gulch, there were three separate tracer
injec t ions. F i r s t , there was a slug inje c t ion of lithium chloride (LiCl) into the Oro S h a f t to
d e f i n e the paths of mine water to the alluvium and the stream. Second , there was another
slug in j e c t i on using sodium bromide ( N a B r ) into an alluvial well ( M W - 9 ) to quant i fy the
interaction of the stream with the alluvium. Third , there was a continuous injec t ion of
sodium chloride (NaCl) into the stream to quant i fy hydrologic parameters. Thes e
parameters included discharge at each sampling site along the stream, residence time of
solutes between sites, and transient storage (Stream S o l u t e Workshop, 1990; Bencala and
others, 1990a, 1990b). The sequence of injec t ions is l i s ted in table 1.

T a b l e 1—Sequence of tracer injec t ion activities and sampling in French Gulch.

Date Tune Event
7 / 2 3 / 9 6 09:00 Began tracer sampling for wells

09:15 S l u g injection of LiCl into Oro S h a f t
09:38 S l u g inject ion of NaBr into well MW-9

10:00 Flow-meter discharge measurements at selected stream sites
7/24/96 09:00 Start NaCl injec t ion in the stream (runs into day 5)

09:00 Began tracer sampling at 6 sites
14:42 Added salt to pool
17:24 Added salt to pool

7 / 2 5 / 9 6 11:12 Started spot tracer injections at 6 sites
17:20 Added salt to pool

7 / 2 6 / 9 6 08:00 S y n o p t i c sampling of stream sites and inf lows
11:21 Added salt to poo!

7/27/96 09:00 Shut off tracer
08:30 Time of travel sampl ing

7/28/96 12:00 End of sampling
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T R A C E R S A M P L I N G

S a m p l e s were co l l e c t ed to measure the in j e c t ed tracers and to quant i fy the residence
time or "time of travel" in wells and in the stream. Residence-time sampling was in two
parts. The f ir s t part included sampling of selected wells in the bedrock and alluvium to
quant i fy the arrival of LIC1 or NaBr from slug injec t ions. Thi s continued for 4 days, mos t ly
at hourly intervals in 6 wells. Residence-time samples for the wells were unf i l t er ed because
of the d i f f i c u l t y of f i l t e r i n g iron-rich waters in the f i e l d . The samples were f i l t e r e d in the
laboratory prior to analysis by atomic adsorpt ion s p e c t r opho t ome t ry (AA) and ion
chromatography (1C).

The second part included sampling at selected sites along the stream to quant i fy the
arrival and departure of N a C l . Thes e samples set the hydrologic framework by giving
residence time between sites, discharge at each site, stream cross-sectional area, and other
parameters needed for the transport model. This sampling continued for 2 days prior to
the synoptic sampling and one day a f t e r the synoptic sampling to give time for the alluvial
tracer to reach the stream and to he lp de f ine the hyporheic zone. The s e samples were
f i l t e r ed on site through 0.45-micrometer (urn) membrane f i l t e r s .

S Y N O P T I C S A M P L I N G

During the N a C l injection, detailed geochemical samples were taken to develop
mass-loading p r o f i l e s . Both f i l t e r e d and unf i l t er ed samples were col lec ted. F i l t e r e d
samples were passed through a 0.45-p.m f i l t e r to determine "operationally-defined"
dissolved metals. T o t a l recoverable metals were determined f rom unf i l t e r ed samples.
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A N A L Y T I C A L M E T H O D S

Anions were analyzed in the 0.45-jim f i l t e r e d , unacidif ied samples by ion
chromatography. These f i l t e r e d , unacidified samples also were analyzed for sodium (Na)
and lithium (Li) by atomic adsorption. Dissolved and total recoverable metal
concentrations were determined by inductively coupled plasma-atomic emission
spectrometry (ICP-AES). F i l t e r e d samples were analyzed for f errous iron (Fell)
colorimetrically. Alkalinity, total suspended solids, and total organic carbon were
determined from unf i l t e r ed samples.
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R E S U L T S A N D D I S C U S S I O N

Results of the tracer sampling for well and stream sites are l i s t ed in appendi c e s I and
II. S i t e descriptions and f i e l d measurements for the synoptic sampling are listed in
a p p e n d i x III. Results o f chemical determinations for the synopt ic sampling are presented
in appendix IV for major solutes and append ix V for f i l t e r e d and total metals. Data are
sorted in downstream order within groups of mainstem and i n f l o w sites to emphasize the
downstream changes.

T R A C E R I N J E C T I O N F O R T H E W E L L S

S l u g I n j e c t i o n o f L i C I i n t h e P r o S h a f t

Three kilograms ( k g ) of LiCI were mixed into 5 liters (L) of deionized water and
added to the Oro Mine sha f t through 20 m of p la s t i c tubing. A f t e r an initial peak and
subsequent decrease, the concentration of Li remained elevated above background for
several weeks ( f i g . 2a). A mine shaf t relief well, M S R W - 3 , was sampled to detect Li or Cl
f r o m the s lug inject ion. There was no Li detected in the co l l e c t ed samples , nor was there
a variation in the Cl in the mine well, M S R W - 3 , (fig. 2b) or in the alluvial well, MW-3,
(fig. 2c).

The initial decrease of Li in the Oro S h a f t can best be interpreted as the di lut ion of
Li as it mixed into the mine pool . A f t e r mixing, however, there was not a continual
decrease of Li as might be expected if water from the mine pool was moving to the
bedrock and the downgradient alluvium. Lithium was not de t ec t ed in M S R W - 3 or in any
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of the stream samples. T h u s , the simplest explanation of the trend of Cl is that the mine
p o o l , at least the top of the mine pool in this s h a f t , was hydraulicalry i solated f r om the
ground-water system that s u p p l i e s metal-rich water to the bedrock and the alluvium. Even
though there was no indication of pathway from the mine pool to the stream, this
information is important to refine the conceptual model of the hydro logic system a f f e c t i n g
the stream. The mine drainage a f f e c t i n g the stream must be f rom lower levels of the mine.

S l u g I n j e c t i o n o f N a B r in well MW-9

One kg of NaBr was mixed into 3 liters (L) of deionized water and poured inside the
well casing of well MW-9 at 09:38 on 2 3 J u l . The NaBr tracer dispersed over a period of
24 hours ( f i g . 3). Despi te the high concentration of Br in well MW-9, there was no Br
observed in samples f r om the downgradient alluvial well ( M W - 3 ) or from the stream at
any of the sampling sites.

There are three pos s ible reasons why Br did not arrive in the downgradient alluvial
well or in the stream. Fir s t , for the alluvial well, there was no certainty that the
downgradient alluvial well was along a potent ial f l o w path for the Br traveling in the
alluvial aquifer. Second , the Br also could have been diluted below detection limits by the
time it arrived at either the well or the stream. Third , for both the well and the stream, the
travel time could have been greater than the time al lo t t ed for sampling. Addit ional
samples during the f o l l o w i n g months, however, did not indicate Br in either the well or the
stream. It is most likely that the sampling was not along the right f l o w path, and that there
needed to be more Br put into the well MW-9.
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T R A C E R I N J E C T I O N I N T H E S T R E A M

The tracer in j e c t i on for the stream was prepared by adding 400 kg of N a C l to 440 L
of streamwater in a 3-m diameter wading poo l . Thi s tracer was to be pumped into the
stream at a rate that would maintain a constant Cl concentration of a few mg/L. A f t e r
mixing the solution, however, the wading pool had a leak. Because of this leak, some of
the N a C l solution was reaching the stream before the inj e c t ion actual ly began, result ing in
Cl concentrations s l i g h t l y greater than normal background values (fig. 4a). Addi t i ona l salt
solution had to be added to the pool per iodical ly during the 4 days of the in j e c t i on to
compensate for the loss and to avoid a premature end of the inje c t ion. These unplanned
addit ions resulted in greater variability in the Cl p r o f i l e s in the stream than otherwise
would have been observed (fig. 4a). Chloride concentrations at stream sites are l i s ted in
appendix I I .

The tracer injec t ion can be divided into three periods (fig. 4a). The f i r s t period was
the arrival of the tracer. N e x t , there was a plateau period where the Cl concentration
should be constant at a given point downstream. D i f f e r e n c e s in tracer concentrations
during this period generally are an indication of d i f f e r i n g discharges; decreasing
concentrations indicate increasing discharge from in f l ow s of water to the stream. This
leads to an accurate discharge at any given site along the stream for the synoptic samples.
Because of the periodic additions of salt to the injection pool , the plateau period in French
Gulch had some substantial variation. By sampling the salt solution being pumped to the
stream and monitoring the pump rate, the mass balance of salt and the discharge in the
stream could still be determined regardless of the variation. Final ly , there was a departure
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period. Along with the arrival period, the departure gives information on the residence
time of so lute s between the sample sites.

T i m e of travel

The arrival and departure per iods can be used to calculate the travel time between
sites (fig. 4a). Despite the compl icat ions due to the leaky poo l , the arrival times of the
tracer at the downstream sites were not a f f e c t e d . The injec t ion began at 09:00 hours on
24Jul and ran until 09:00 on 27Jul. The time of arrival at a site is d e f in ed as the time at
which the instream tracer concentration reaches half of the plateau concentration
(Zel lweger and others, 1988). Arrival times are listed in table 2 with the plateau
concentrations, travel time between sites, and the cumulative travel time downstream.

T a b l e 2 — I n s t r e a m chloride concentrations and travel times from the tracer-
injec t ion study.

[C5o, half p la t eau concentration; TSO, arrival time for the Cso concentration; m,
meters; mg/L, milligrams per liter; <, less than.]

S i t e — Distance
downstream

T l — O m
T 2 — 5 1 6 m
T3— 799 m
T4— 1.161 m
T5— 1 , 6 5 1 m
T6— 2,536 m

Pre-in j e c t i on
concentrati
on, in mg/L

0.09
.08
.76
.84
.86
.63

Plateau C». in
concentratio mg/Ln, in mg/L

1.30 0.7
1.67 .87
121 .99
1.48 1.16
1.58 122
1.08 .86

Tso, in bouts

> 09:00
09:23
10:59
11:38
12:10
14:00

Time between Cumulative time,
sites, in in minutes
minutes

<2
23
96
39
32

110

2
23

119
158
190
300
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Results of this tracer in j e c t i on s tudy indicate peculiar hydrologic characteristics of
the s t r eamf low in French Gulch (fig. 4b). F i r s t , there was a s ignif icant d i f f e r e n c e in the
pre- injec t ion concentrations of Cl between sites T2 and T3. Thi s was mostly due to the
leaky p o o l , and indicates that the majori ty of Cl entering the stream entered the hyporheic
zone before reaching site T2. The increase of Cl between sites T2 and T3 indicated the
return of some streamwater in the area where the 11-10 fau l t crosses French Gulch (fig.
1). The s t r eamf low almost c ompl e t e ly disappeared between sites T2 and T3 and then
rejoined the stream ju s t upstream from site T3. Thi s also corresponded with the location
of the 11-10 f a u l t . There were several i n f l o w s with Cl concentrations sub s tant ia l ly higher
than instream concentrations, all on the right bank. S e c o n d , there was a contrast between
the sharp tracer arrival at T2 and the broad, gradual arrival at T3 and T4. Thi s d i f f e r e n c e
in the shape of the breakthrough curve indicated the large amount of transient storage, or
f l o w through the hyporheic zone, between sites T2 and T3. In a stream where mining
operations have dredged almost the entire reach the pa th of s treamflow is complex.

Discharge p r o f i l e of the stream

An evaluation of mass loading along the stream requires an accurate discharge
measurement at each sampling site, but two characteristics of the s treamflow made the
calculation of discharge d i f f i c u l t . Firs t , there are loosing reaches. Tracer-dilution
methods can quant i fy gains, but not losses of discharge. Once a tracer has mixed into the
stream water, the loss of water does not change the concentration of tracer in the
remaining water. For example, between 84 m and 631 m, almost all of the surface f l o w in
French Gulch di sappeared into the alluvium, but there was no s ignif icant change in the Cl
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concentration (fig. 5). J u s t downstream from 631 m, there was a large i n f l o w of water
upstream f r o m the Country Boy Mine road, causing the instream tracer concentration to
decrease f r om 3.3 to 0.4 mg/L between 631 and 744 m S e c o n d , the Cl concentrations of
i n f l o w s between 744 and 799 m exceeded the instream concentrations. This caused a
sharp increase of Cl concentration f rom 744 to 799 m, and a gradual increase all the way
to 1 ,161 m. These characteristics of f l o w in French Gulch required that we use an
independent measure of discharge to prepare a discharge p r o f i l e for the stream.

S p o t i n j e c t i o n for d i s charge a t selected sites

In anticipation of these d i f f i c u l t i e s , spot injec t ions gave instantaneous discharge
measurements at sites Tl through T6. S p o t injec t ions required the addition of enough
N a C l tracer to the stream to cause the Cl concentration to increase above the
concentration of the background Cl injec t ion (fig. 6a). The reach with the increased tracer
concentration was sampled at a point about 20 m downstream from the spot injec t ion for
about an hour. The spot injec t ion raised the Cl concentration above the level of the
continuous in j e c t i on upstream. The s e injec t ions proved to be the key to calculating
discharge over certain subreaches of the stream. At site Tl, mixing of the tracer into the
stream was poor, causing a large over calculation of discharge (fig. 6b). The spot
inject ions corresponded well to discharge measurements made with a f l o w meter at sites
T2 and T3. At sites T4 and T6, the calculated discharge from the tracer injec t ion is about
30 percent greater than the discharge measured with a f l o w meter. This result is expected
in mountain streams with cobble bottoms where a large percentage of the s t r eamflow can
be within the cobbles of the streambed where it cannot be measured by a f l o w meter. At
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15, the tracer in j e c t i on indicated less f l o w . There were visible losses and gains of f l o w all
along the stream between sites T4 and T6, so the discharge could have been smaller, but
there is no simple explanat ion of why the f l ow-met er measurement exceeded the tracer
measurement. Despite the d i f f e r e n c e in discharge measurements at site T5, it appeared
that most of the lost s t r eamf low had recombined into the stream channel upstream f rom
site T6. Some of the f l o w could move to the south arm of French Gulch and appear at site
FG-46, but most of the f l o w was in the north arm and loads could be compared between
sites T4 and T6.

By knowing discharge at each of the transient sites, it was po s s ib l e to calculate
discharge at intermediate sites for gaining reaches in French Gulch. A l t h o u g h the reach
f r om T2 to T3 had a net gain in f l o w , the surface f l o w nearly d i sappeared be fore much of
that f l o w was added back by large springs ju s t upstream f rom T3. This pattern made it
imposs ible to calculate discharge at intermediate sites between T2 and T3. Intermediate
discharge was calculated for sampling sites between T3 and T4 by using the s p o t - i n j e c t i o n
discharge at T3 as the f ir s t upstream discharge and calculat ing the next downstream
discharge with the equation:

where Qd is the downstream discharge, Qu is the upstream discharge, Cu and Q are the
upstream and downstream tracer concentrations, and C, is the concentration of tracer in
the inf low. T h u s , the discharge p r o f i l e was well d e f ined at intermediate point s between T3
and T4, which brackets a critical reach of f a u l t seepage. There also were good discharge
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measurements for sites T2 and T6 (fig. 6c). Between sites T4 and T6, there is a small, net
gain in discharge. F l o w along that reach is complex, but for mass-balance calculation, this
increase in discharge can be prorated by distance along the reach.

S Y N O P T I C S A M P L I N G O F S T R E A M S I T E S

S y n o p t i c sampling sites were chosen to bracket all of the visible and likely in f l ow
areas to French Gulch. A descript ion of each sampling site with the temperature, pH, and
conductivity measured at the sites is listed in appendix HI.

M a j o r - i o n chemis try

Upstream from the mines, the water in French Gulch was mostly a calcium
bicarbonate t y p e (see appendix IV). The calculated dissolved solids concentration at 516
m (T2) was 63 m g / L ; indicating that French Gulch is a dilute headwater stream upstream
from mining. I n f l o w s from mining mostly added calcium su l fa t e type water, r e f l e c t ing the
oxidation of s u l f i d e minerals and the release of calcium from rocks that are weathered by
the increased acidity of the water. Downstream from all the mine i n f l o w s at 2,536 m (T6),
the stream had changed to a calcium sulfate-magnesiurn carbonate type water, with
dissolved sol ids of 124 mg/L. Thus , mining in f l ow s caused a slight change in major ion
chemistry, and a doubling of the dissolved solids.

Metal chemistry

Oxidation of s u l f i d e minerals, accelerated by mining in French Gulch has produced
substantial concentrations of Fe, Cd, Mn, and SC>4 in the ground and surface water. Other
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metals such as aluminum, copper, and lead occur in the streamwater of French Gulch, but
generally in very low concentrations ( a p p e n d i x V). U p s t r e a m f r o m the e f f e c t s of mine
drainage, at 516 m (T2) and far ther upstream, the metal concentrations were low, o f t e n
below detection. The highest metal concentrations occurred at 2,536 m (T6) which was
downstream from all the metal-rich in f l ows . Further downstream at 2,600 m ( F G 4 2 ) these
concentrations were di lu t ed by the in f l ow f rom the south branch of French Gulch.

There was a large range of metal concentrations among the i n f l o w s that were
sampled. The i n f l o w at 1,701 m (FG38) had the highest concentrations for Cd, Mn, and
Zn, f o l l o w e d by the in f l ow at 2,400 m (FG44). The highest concentrations of Fe were
detec ted in samples f r om the in f low at 2,400 m. Both these in f l ow s were a long distance
downstream from the 11-10 and Bullhide f a u l t s . I n f l o w s with high concentrations of
metals also occurred in the area between the 11-10 and Bullhide f a u l t s at 840 m ( F G 1 5 on
the right bank and F G 1 9 on the l e f t bank), 812 m (FG16), 814 m ( F G 1 6 c ) , and 857 m
(FG22). The s e metal-rich in f l ow s occurred on both sides of the stream.

Downstream p r o f i l e s o f s u l f a t e and meta l s

The SO4 and mine-related metals have similar downstream patterns of concentration
(figs. 7 and 8). The occurrence and distribution of SO4 and these metals are controlled by
the geologic and hydrologic se t t ing of French Gulch.

Concentrations of SC>4 in French Gulch ranged from 10.6 mg/L above the mine-
a f f e c t e d area to 62 mg/L downstream from all the mine inf lows . The variation of SO*
concentration among i n f l o w s was even greater, ranging f r o m 10.8 to 453 mg/L. There
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were substantial increases of instream SO4 concentrations at three locations along the
stream (fig. 7). The f ir s t increase occurred between 631 and 881 m, where the
concentration increased to almost 21 mg/L. Thi s was in the vicinity of the 11-10 f a u l t (fig.
1) and was l ike ly related to discharge f r o m the Wellington-Oro mine. The second increase
occurred between 2,080 (FG52) and 2,200 m (FG55) and the concentration increased to
about 45 mg/L. This is where the north branch gained a substantial in f l ow of metal- and
sul fate-rich water that had entered the side channel at 1,826 m ( F G 3 9 b ) . Final ly , the
concentration increased to 62 mg/L between 2,388 (FG45) and 2,536 m (T6).

Each of the mine-related metals had patterns similar to SO4 (fig. 8). F i l t e r e d iron
concentrations varied from less than 1 u,g/L upstream from mining to 53 |ig/L at T6
(2,536 m) below the mine-drainage in f l ow s (fig. 8a). Iron was the most variable of the
metals because iron tends to pr e c ip i ta t e more readily than the other metals.
Concentrations of f i l t e r e d Cd were low, ranging from less than detec t ion to 13 u.g/L, but
indicated a very clear increase with distance downstream (fig. 8b). Unlike the other
solutes , the increase of f i l t e r e d Cd was not as great between 2,150 and 2,220 m. There
were greater concentrations of Cd in the in f l ows between 819 and 840 m than in the
i n f l o w s at 1,701 and 2,200 m. Fil t ered concentrations of Mn and Zn (figs. 8c and d) had
increases at the same three locations. Concentrations of Mn and Zn were substantial ly
greater than Fe and Cd. Concentrations of Mn ranged from near 1 j i g / L upstream of the
mining in f l ow s to near 1,000 |lg/L at T6 (2,536 m). Concentrations of f i l t e r e d Zn ranged
from near 10 |J.g/L upstream of mining in f l ow s to near 5,000 |ig/L at site T6. The Zn
which enters the stream most likely is the principal cause of f i s h toxici ty in French Gulch.
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M a s s - l o a d i n g p r o f i l e s

W i t h a discharge p r o f i l e , the concentration p r o f i l e s complied f r om s p a t i a l l y intensive
sampling of stream sites and in f l ow s can be converted into mass-loading p r o f i l e s . Because
mass-loading p r o f i l e s take discharge into account, they are more u s e f u l than concentration
p r o f i l e s to indicate those reaches of the stream most a f f e c t e d by mine drainage and to
evaluate the relative importance of the i n f l o w s (fig. 9). Each of the main increases can be
quanti f i ed as a percentage of the most downstream load at T6. For SO4 (fig. 9a), the
i n f l o w s between 516 m (T2) and 799 m (T3), accounted for 19 percent of the SO4 load.
Concentrations of SO4 in these i n f l o w s were low, sugges t ing that they were not a f f e c t e d
by mining. The SO4-rich i n f l o w s between 799 and 1,161 m (T4) are l ikely related to the
11-10 and Bullhide f a u l t s , and accounted for 16 percent of the load. S i x t y - f o u r percent of
the load entered over the las t , broad subreach from 1,161 to 2,536 m (T6). The major
increases in load likely occurred where the stream gained SO4 at 2,150 and 2,220 m, from
surface drainage of the Bullhide Faul t . These f inal in f l ow s to the north branch are the
most s ignificant for adding SO4.

The mass loadings of Mn and Zn were similar to SO4 (figs. 9b and 9c). The f ir s t
major in f l ow between T3 (799 m) and T4 ( 1 , 1 6 1 m) accounted for 26 percent of the Mn
and about 32 percent of the Zn. The remainder of the Mn and Zn loads entered the north
branch with the i n f l o w s at 2,150 and 2,400 m, both of which drain f l o w f r om the Bullhide
Faul t .
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A d i f f e r e n t accounting of load occurred for Cd (fig. 9d). Es s en t ia l ly none of the Cd
load was added upstream f rom T3 (799 m). Between T3 and T4 ( 1 , 1 6 1 m), however, 66
percent of the downstream load was added , sugges t ing the importance of the 11-10 and
Bullhide f a u l t s . Thir ty- f our percent of the load entered between T4 and T6 (2,536 m).
This l oading could be p r o p o r t i o n a l l y smaller than the loading for Mn and Zn because Cd
could be sorbed onto the abundant Fe oxides that line the bottoms of stream channels
where water f l o w s f r o m the Bullhide Faul t to i n f l o w s at 1,826, 2,400, and 2,422 m.

Between T3 and T4, the individual i n f l o w s have d i f f e r e n t e f f e c t s on the mass loading
in each stream segment (fig. 10). For example, the i n f l o w s in the f i r s t two segments, f rom
799 to 825 m and then from 825 to 881 m, caused the instream Zn concentration to
increase f r om 48 to 368 |ig/L and then to 700 j i g / L . However, f rom 881 to 981 m there
were no visible surface in f l ow s and yet the concentration of Zn increased more than 2 - f o l d
to 1,570 j i g / L . The likely cause of the large increase was discharge from the Bullhide
F a u l t , which crosses the stream in that segment. Over the next two segments, f r om 981 to
1,087 m and then to 1,161 m, there were again no visible surface i n f l o w s and the Zn
concentration did not increase. S u l f a t e , Cd, and Mn all increase in this same detailed
pattern, sugges t ing that discharge f rom the Bullhide F a u l t contributes sub s tant ia l ly to the
instream loads.

I N - S T R E A M P R O C E S S E S A F F E C T I N G M E T A L T R A N S P O R T

Dif f e r enc e s between the total recoverable and dissolved concentrations of Fe
indicated that the majority of Fe transport was by Fe-rich co l lo idal partic le s (fig. 11).
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C o l l o i d s have been shown to have a role in metal transport of other Rocky Mountain
streams a f f e c t e d by mine drainage (Kimbal l and others, 1992; Kimball and others, 1995;
Broshears and others, 1996). Iron-colloids are not toxic unless other metals are sorbed to
them. It appears that very l i t t l e of the Zn was transported by the Fe c o l l o i d s (fig. 1 Ib), but
other metals like Cd and Cu generally are associated with Fe c o l l o id s (Kimbal l and others,
1992, table 3). A l t h o u g h a separate s tudy will address the d e f in i t i on of co l l o ida l transport
in French Gulch ( K i m b a l l , unpublished data), these data indicate that co l l o ida l transport
can inf luence the occurrence and distribution of metals downstream f r o m the mine
drainage.
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C O N C L U S I O N S

Metal s in the streamwater of French Gulch originate f rom drainage of old mines in
the watershed and enter the stream in a complex pattern. A LiCl tracer in j e c t i on into the
Oro Shaft of the Wellington-Oro Mine did not indicate pathways f r om the upper levels of
the mine to the alluvium and the stream. The persistence of the LiCl tracer in the upper
port ion of the Oro Shaft sugges ted that there was l i t t l e hydrologic connection with the
ground water f e e d i n g the alluvium and a f f e c t i n g the stream. The NaBr injec t ion into an
alluvial well was attenuated by ground-water f l o w in the alluvium, but Br was not detec ted
in the downgradient alluvial well or in the stream. Using a N a C l tracer in j e c t i on and
synoptic sampling, the downstream p r o f i l e of metal concentrations and mass loading
indicates those subreaches of French Gulch where the majori ty of metal loading occurs.
There is substantial in f l ow of metals where the Bullhide Fault crosses the stream. The
majori ty of metal load enters French Gulch downstream from those f a u l t s at po int s where,
by inference, surface drainage f rom the Bullhide Fault enters the north branch. The major
in f l ows come from springs that are a f f e c t e d by the Wellington-Oro Mine on the north side
of French Gulch. Some of the metal transport is by col loidal Fe-oxide s , but the extent of
that transport needs to be d e f ined in further studies. The patterns of loading indicate the
important inf luence of the geologic structure on instream metal concentrations and that the
stream is mostly a f f e c t e d by drainage of the mine pool by fau l t s .
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A P P E N D I C I E S

A p p e n d i x I — C o n c e n t r a t i o n of lithium, bromide, and chloride in wells.

A p p e n d i x n—Concentra t ion of chloride in the stream and tributaries.

A p p e n d i x HI—Site descriptions and f i e l d measurements of synopt i c sampl ing sites.

A p p e n d i x I V — C o n c e n t r a t i o n s of major ions in synopt ic samples.

A p p e n d i x V—Conc en t ra t i on s of metals in synoptic samples.

25 0 5 / 2 1 / 9 7



A p p e n d i x I I I — S i t e d e s c r i p t i o n s a n d f i e l d measurements o f s y n o p t i c s a m p l i n g s i t e s . %;,/
[ S i t e l D ; f i e l d i d e n t i f i c a t i o n l a b e l ; D i s t ; d i s t a n c e downs tream f r o m i n j e c t i o n , i n meters; T e m p , t empera tur e , i n degrees C e l s i u s ; p H , i n l o g u n i t s ; C o n d ,

c o n d u c t i v i t y , in microsiemens per c ent imet er at 25 degrees; Q, d i s c h a r g e f r o m tracer c a l c u l a t i o n s , in l i t e r s per second; Qmetcr, d i s charge f r o m f l o w - m e t e r
measurement, in l i t e r s per s econd; RB, r igh t bank; LB, lef t bank.]

Site lD Dist D e s c r i p t i o n o f s ite
Stream sites

F G O O 0 I n j e c t i o n p o i n t
FG03 84 Along s t r a i g h t p o r t i o n of stream
FG05 234 Along s tra ight p o r t i o n of stream
T S 0 2 5 1 6 S i t e T 2 ( S t a t e site F G 5 )
FG09 631 Flag on RB at downstream end of w i l l o w s , channel is about 35 ft wide
F G 0 9 d 744 End of culvert at Country Boy road
T S 0 3 799 S i t e T3; stream at top of cascade; ISCO site
F G 1 7 b 825 S t r e a m site added to s e e e f f e c t o f F G 1 6 - b & c ; d i s tance e s t imated
FG18 881 S t r e a m ; at bottom of s t e ep rock hill
FG25 981 Old FG25 was i n f l o w that is now dry; t h i s is stream site to r ep la c e FG24
FG28 1,087 Str eam -near white semi t r a i l e r
T S 0 4 1,161 S i t e T 4 ; stream below cu lv er t ; I S C O site
FG31 1,242 By big cut in a l l u v i u m with f o o t b r i d g e ( p o l e across s t r eam)
FG33 1,356 Downstream f r o m 3 p o l e power tower
F G 3 5 1,515 B e f o r e d o u b l e power p o l e s
T S 0 5 1,651 S i t e T 5 ; below i n f l o w area; I S C O S i t e
FG39 1,751 Above spl i t o f North Branch to p o n d e d area
FG50 1,880 W i d e gravel bar; north branch, f i r s t s i te downstream f r o m FG39
FG52 2,080 Open area a f t e r bend
F G 5 3 2,150 Narrow channel above c o n f l u e n c e with re-emergent f l o w f r o m F G 4 1
F G 5 5 2,200 Below F G 5 3 / 5 4 c o n f l u e n c e
FG45 2,388 Open area 100m up s t r eam f r o m t r ip l e power p o l e ; U p s t r e a m f r o m d i r ty in f l ow
T S 0 6 2,536 S i t e T 6 ( S t a t e F G 7 s i t e ) downstream f r o m i n f l o w o f acid dra inage
FG46 2,540 S o u t h arm i n f l o w t o Dead Elk pond (Sta t e site FG8)

T e m p p H Qond
10.5
11.0
11.0
11.0
11.5

5.5
7.0
7.0
8.0
9.0
7.0
7.0
7.0
8.0
7.5

10.0
9.0
8.5

11.0
9.0
8.0
7.5
7.5
7.0

8.23
8.16
8.19
7.82
8.08
8.17
7.96
7.81
8.06
7.74
7.71
7.74
7.53
7.70
7.61
7.35
7.17
7.27
7.26
7.19
7.32
7.28
7.38
7.28

84
101

98
98

100
109
108
112
131

1136j! 135
135
138
137
135
138
192
137
128
132

' 1 8 4
170
214
122

74.2

304.0
334.6
354.0
368.0
375.0
372.0

179.7

376.6

Q Qmeter
136.0

93.4

328.0

279.0

334.0

297.0



A*

Site lD Dist D e s c r i p t i o n o f s i te.̂ .̂ ................................ g^goo culvert at the end of Dead Elk p o n d ; f a r t h e s t downstream p o i n t
Inflow sites

F G 0 6 333 LB water ex i t s f r o m rocks all the way over to the d r e d g e p i l e
F G 0 9 b 694 LB water e x i t s f r o m rocks
F G 0 9 c 695 RB water e x i t s f r o m rocks
FG10 745 LB water ex i t s f r o m rocks- downstream end of culvert @ C o u n t r y Boy mine
FG1 2 769 RB A n o t h e r i n f l o w ; l a rg e f l o w f r o m rocks
FG13 784 RB Third i n f l o w RB 20 f e e t downstream again
FG16 812 Inf l ow LB along cascade sect ion
FG 1 6b 81 3 RB i n f l o w - Mine water
F G 1 6 c 814 RB i n f l o w - Mine water
F G 1 9 8 4 0 L B I n f l o w
FG15 840 RB pool w/ yel low boy; downstream f r o m F G - 1 6
F G 2 2 857 LBFG27 1 ,073 LB Inflow near double tower; ~10m L of stream
F G 3 2 1 ,266 RB j u s t around bend, about 3m
F G 3 6 b 1 ,605 Inflow added 7/24/96, never makes it to the stream - p a r a l l e l s stream
F G 3 8 1 ,701 Inflow RB s p r i n g at base of d r e d g e p i l e ; water coming in all a l o n g base of
FG51 1 ,980 Drainage f r o m s p r i n g FG-6; re-enters s p l i t o f f branch a f t e r pond
F G 5 4 2,150 Re-emergent water f r o m FG41 area
F G 4 4 2,400 Mine drainage, d i r ty i n f l o w RB; - s a m p l e near rd instead of by stream
FG56 2,422 F G 4 4 and water f r o m the base of rubble where it j o i n s stream

B u l l h i d e F a u l t s u r f a c e dra inage
F G 3 9 b 1 ,826 RB i n f l o w below p o n d ; Orange s u g g e s t s i t differs f r o m water out of pond
F G 4 0 1 ,869 North branch beyond p o n d ; water l e a v i n g channel at th i s po in t
FG41 1 ,920 Point where all the water goes under the rocks ( d r a i n f r o m pond o n l y )

T e m p P.H8.6 7.31
Q Qmeter

139

8.5
6.0
7.0
6.5
6.5
8.0

8.0
8.0
6.0
8.0

10.0
17.5

6.5
6.5
5.0
7.5
7.5
7.0
8.0

8.05
8.15
7.90
8.50
8.05
8.04
7.62
7.77
7.78
7.53
7.27
8.09
7.87
7.72
7.60
6.63
7.34
7.19
7.01
6.97

97
95

117
102
100
101
266
135
144
306
292
444
366
135
144
860
137
206
412
280

9.0 7.33 262
9.0 7.38 251
9.0 7.30 244



A p p e n d i x I V — C o n c e n t r a t i o n s o f m a j o r ions in s y n o p t i c sample s .
[ D i s t , d i s tance downstream f r o m i n j e c t i o n s i te, i n meters; S i t e l D , f i e l d s a m p l e a n d f l a g i d e n t i f i e r ;concentrations are in m i l l i g r a m s per liter.]

Dist S i t e l D Calc ium Magnesium S o d i u m Potassium C h l o r i d e S u l f a t e Bicarbonate

u -r® f f l«* on

-S:§"

Stream s a m p l e s
0 FGOO

84 F G 0 3
234 F G 0 5
516 T S 0 2
631 F G 0 9
744 F G 0 9 d
799 T S 0 3
825 F G 1 7 b
881 F G 1 8
981 F G 2 5

1 ,087 F G 2 8
1,161 T S 0 4
1,242 F G 3 1
1,356 F G 3 3
1,515 F G 3 5
1,651 T S 0 5
1,751 F G 3 9
1,880 F G 5 0
2,080 F G 5 2
2,150 F G 5 3
2,200 F G 5 5
2,388 FG45
2,536 T S 0 6
2,540 F G 4 6
2,600 FG42

333 F G 0 6
694 F G 0 9 b
695 FG09c
745 F G 1 0
769 F G 1 2
784 F G 1 3
812 F G 1 6
813 F G 1 6 b
814 F G 1 6 C
840 F G 1 9
840 F G 1 5

17.8
17.9
18.6
17.5
17.7
22.1
22.0
21.1
23.2
23.0
23.2
22.6
23.2
22.8
23.2
22.7
28.0
21.8
23.0
22.7
28.2
26.5
30.1
21.3
26.8

18.3
19.4
22.8
20.0
18.4
20.0
39.4
23.1
23.2
43.2
33.1

1.43
1.42
1.47
1.40
1.42
1.93
1.92
1.95
2.49
2.62
2.62
2.54
2.60
2.55
2.59
2.54
4.01
2.47
2.60
2.60
4.08
3.90
5.00
2.63
4.19

I n f l o w
1.44
1.71
1.98
1.74
1.50
1.65
7.75
2.39
2.72
8.95
8.07

1.3
4.0
4.2
3.6
3.6
1.5
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
1.9
2.0
2.0
2.1
2.0
2.1
1.6
1.9

s a m p l e s
3.4
1.3
1.8
1.6
2.9
2.7
1.6
2.5
2.7
1.6
2.5

0.1
3.4
3.4
3.3
3.3
0.4
1.0
1.1

2.0 1.1
1.2
1.3
1.2
1.2
1.2
1.2
1.2
1.1
1.2
1.2
1.1
1.2
1.1
1.1

1.0 0.8
1.1

3.1
0.2
0.9
0.7
2.6
2.4
0.3
2.2
2.4
0.4
2.1

10.6
10.6
10.6
10.6
10.6
15.3
14.3
15.1
20.6
21.5
21.9
22.5
23.6
23.5
21.5
23.1
46.7
21.6
21.6
24.4
44.6
46.3
62.0
25.7
53.4

10.8
12.8
16.2
12.7
11.3
12.6
76.6
23.2
26.2
86.7
95.6

394
39.9
40.4
40.2
39.4
47.9
45.4
44.8
47.2
45.1
45.7
45.3
45.6
45.1
44.8
46.2
43.5
45.1
45.8
45.0
42.0
42.5
40.4
39.1
39.9

39.1
42.9
48.5
44.8
39.8
40.9
52.3
41.6
40.3
56.9
36.0



Dist S i t e l D C a l c i u m Magne s ium S o d i u m Potassium C h l o r i d e S u l f a t e Bicarbonatel>£ ••£S) C"^̂ 2-& ^^r-°*£ •*.•O o

ff5«0

I n f l o w s a m p l e s — continued.
857

1,073
1,266
1,605
1,701
1,980
2,150
2,400
2,422

F G 2 2
FG27
F G 3 2

F G 3 6 b
F G 3 8
F G 5 1
F G 5 4
F G 4 4
F G 5 6

72.6
63.8
23.3
24.7

107.0
22.7
30.0
52.8
39.3

14.23
6.07
2.57
2.94

29.55
2.53
4.68

12.15
7.72

2.0
3.4
2.0
1.7
3.7
1.4
2.0
2.7
2.5

2.0 0.4
0.3
1.1
0.9

2.0 1.5
0.9
1.1
1.4

1.0 1.2

103.5
59.9
23.2
29.3

453.0
23.2
,--.-* — :•bo./

176.2
97.2

124.0
119.0
43.4
43.1
26.3
41.1
39.9
29.6
37.5

B u i l h i d e F a u l t s ur fa c e f l o w
1,826
1,869
1,920

F G 3 9 b
FG40
F G 4 1

36.1
35.5
34.8

6.26
5.97
5.72

2.2
2.2
2.2 1.0

1.2
1.2
1.2

76.7
76.4
67.3

39.6
40.4
41.3



p
to /u

A p p e n d i x V — C o n c e n t r a t i o n s o f me ta l s in s y n o p t i c s a m p l e s .
[Dis t , d i s tance downstream f r o m i n j e c t i o n site, in meters; Si t e lD, f i e l d s a m p l e and f l ag i d e n t i f i e r ; -d , d i s s o lv ed concentra t ion, inmicrograms p e r l i t e r ; - t , t o t a l recoverable c onc en tra t i on , i n micrograms p e r l i t e r ; A l , a l u m i n u m ; C d , c a d m i u m ; C u , c o p p e r ; F e , iron;M n , manganese; P b , l e a d ; Z n , zinc. Blank entrie s i n d i c a t e c onc en t ra t i on s be low d e t e c t i o n l i m i t s . ]

D i s t ( m ) S i t e l D A l - d Al-t Cd-d Cd-t Cu-d Cu-t Fe-d Fe-t Mn-d Mn-t Pb-d Pb-t Zn-d Zn-t
S t r e a m s a m p l e s

0 FGOO
84 F G 0 3

234 F G 0 5
5 1 6 T S 0 2
631 F G 0 9
744 F G 0 9 d
799 T S 0 3
825 F G 1 7 b
881 F G 1 8
981 F G 2 5

1,087 F G 2 8
1,161 T S 0 4
1 ,242 FG31
1,356 F G 3 3
1,515 F G 3 5
1,651 T S 0 5
1,751 F G 3 9
1,880 F G 5 0
2,080 F G 5 2
2,150 F G 5 3
2,200 F G 5 5
2,388 F G 4 5
2,536 T S 0 6

55.0

62.0
63.0
72.0
69.0
81.0
57.0
68.0
55.0
48.0

76.0 55.0
66.0
43.0
77.0
40.0

40.0
43.0

2.0
4.0
8.0
8.0
8.0
8.0
8.0
7.0
7.0

11.0
7.0
7.0
7.0

10.0
9.0

12.0

1.0
2.0
4.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0

12.0
8.0
8.0
8.0

12.0
11.0
12.0

1.0

2.0

1.0

2.0 1.0
1.0 2.0

1.0

2.0 2.0

8.0

6.0
6.0

13.0
13.0
9.0

16.0
11.0
11.0
23.0
34.0
11.0
6.0

19.0
36.0
26.0
53.0

74.9
19.9
24.3
24.9
23.0

6.4
69.9
82.0
64.9
88.2
80.7
93.6
82.2
79.9
64.5
58.2
77.9
40.1
44.7
51.8

114.1
117.9
204.3

3.0
2.0
2.0
1.0
2.0

60.0
111.0
302.0
305.0
289.0
292.0
281.0
285.0
271.0
809.0
243.0
249.0
237.0
631.0
603.0

1,091.0

6.0
4.0
4.0
2.0
4.0
4.0

67.0
119.0
320.0
314.0
313.0
307.0
308.0
299.0
291.0
851.0
266.0
270.0
254.0
667.0
617.0

1,121.0

1.0
1.0
1.0
1.0
2.0
2.0
2.0

1.0

1.0
1.0
1.0
1.0

1.0 3.0
1.0 3.0

5.0

8.5
7.3
9.3

15.5
14.1
10.2
47.8

368.2
699.2

1,571.9
1,587.8
1,515.1
1,543.7
1,480.4
1,502.5
1,428.6
3,184.7
1,335.1
1,360.3
1,349.2
2,976.1
2,882.6
4,511.0

10.2
8.1

10.6
14.8
17.4
11.2
50.5

372.0
703.7

1,570.6
1,546.8
1,556.8
1,565.6
1,572.9
1,521.4
1,486.4
3,242.0
1,417.4
1,431.7
1 ,407.0
3,055.0
3,015.9
4,741.5



D i s t ( m ) S i t e l D A l - d A l - t Cd-d Cd-t Cu-d Cu-t Fe-d Fe-t Mn-d Mn-t Pb-d Pb-t Zn-d Zn-t
S t r e a m s a m p l e s — c o n t i n u e d .

2,540 F G 4 6 44.0
2,600 F G 4 2

333 F G 0 6
530 MW9
694 F G 0 9 b
695 F G 0 9 c
745 FG10
7 6 9 F G 1 2
784 FG13
8 1 2 F G 1 6
8 1 3 F G 1 6 b
814 F G 1 6 c
840 FG19
840 FG15
857 F G 2 2

1,073 F G 2 7
1,266 F G 3 2
1,605 F G 3 6 b
1,701 F G 3 8 58.0
1,980 F G 5 1
2,150 F G 5 4
2,400 F G 4 4
2,422 F G 5 6

3.0
9.0

4.0
10.0 32.0

61.2
134.2

14.0
763.0

18.0
788.0

2.
3.

0
0 3,

646.7
357.9

701.8
3,548.2

I n f l o w s a m p l e s

119.0
127.0

278.0

210.0
58.0

131.0

1.0

0.0
1.0

20.0
2.0

10.0
21.0
76.0

3.0
5.0
4.0

121.0
3.0

12.0
25.0
17.0

9.0

1.0
1.0
1.0

18.0
2.0

11.0
20.0
76.0

3.0
6.0
5.0

130.0
4.0

13.0
31.0
20.0

1.0 7.0

61.0
1.0 3.0 60.0

10.0
4.0 8.0 55.0

31.0
9.0

13.0 14.0 182.0
12.0

1.0 1.0 48.0
178.0
159.0

26.8
8.2

39.8
136.2

48.4
182.8

38.8
114.6
121.9

15.8
637.0
277.2
183.4

13.9
200.9

20.7
154.5

1028.
419.6

5.0
297.0
466.0

3.0
3,482.0

92.0
134.0

12.0
13.0

15,340.0
12.0

832.0
5,008.0
2,365.0

2.0

2.0
7.0
4.0

15.0
8.0

311.0
458.0

4.0
3,449.0

97.0
183.0

37.0
14.0

17,078.0
14.0

922.0
5,405.0
2,321.0

1.

1.
3.
1.
5.

0

0
0
,0
.0

13.6
8.1

16.9
37.2
76.2

121.5
5,414.5

641.2
2,137.8

1.0
3.0

5,616.1
16,335.0

2,024.4
2

24.0 21
.0
.0

2.0 5.0
4.0 17
1.0 8

,0
.0

7.3
1,044.1

43
3

17
8

737.2
,917.0
470.4
,744.7
,104.0
,636.5

14.8
11.2
17.0
58.5
79.8

135.4
5,085.0

637.1
2,001.8
5,549.0
15,810.
2,002.4

10.8
1,098.2

750.2
47,248.

486.7
3,991.0
18,029.
8,658.3



D i s t ( m ) S i t e l D Al-d Al-t Cd-d Cd-t Cu-d Cu-t Fe-d Fe-t Mn-d Mn-t Pb-d Pb-t Zn-d Zn-t
B u l l h i d e F a u l t s u r f a c e f l o w

1,826 F G 3 9 b 16.0 17.0 2 .0428 .0928 .9 1,511.0 1,598.0 14.0 5,934.96,146.1
1,869 F G 4 0 14.0 13.0 1.0 196.0 427.1 1,466.0 1,515.0 6.0 5,395.75,400.0
1,920 FG41 54.0 13.0 14.0 122.0 373.6 1,307.0 1,357.0 1.0 6.0 4,908.74,956.0



UNPUBLISHED USGS REPORT AND RECORDS—SUBJECT TO REVISION

L I S T O F F I G U R E S

F i g u r e 1 — L o c a t i o n of surface- and ground-water sampl ing sites along French
Gulch, indicating important geologic features.

Figure 2—Varia t i on of (a) lithium in the Oro S h a f t , (b) chloride in the mine-relief
well M S R W - 3 , and (c) chloride in the alluvial well MW-3.

Figure 3—Bromide versus time at well MW-9, site of the NaBr slug injection.

Figure 4 — C h l o r i d e concentration history for (a) site T4 for the entire period of
injec t ion, and (b) the arrivals at sites T2, T3, and T4.

Figure 5—Downstream variation of chloride concentration from the synoptic
sampling.

Figure 6—(a) Chloride versus time at transient site 3 for spot injec t ion, showing the
rise above background tracer inject ion, (b) Comparison of discharge
measured by spot injections of tracer with discharge measured by f l o w meter.
(c) Discharge p r o f i l e for French Gulch.

Figure 7—Downstream variation of instream and in f l ow su l fa t e concentrations.

Figure 8—Downstream variation of concentrations for (a) iron, (b) cadmium, (c)
manganese, and (d) zinc.
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UNPUBLISHED USGS REPORT AND RECORDS—SUBJECT TO REVISION

Figure 9—Downstream variation of mass l oad ing for (a) su l fa t e , (b) manganese (c)
zinc and (d) cadmium.

Figure 10—Detail of zinc concentration increases between sites T3 and T4.

Figure 11—Downstream p r o f i l e of f i l t e r e d and total concentrations of (a) iron and
(b) zinc, indicat ing co l lo idal concentrations of these metals.

27 05/21/97
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R i g h t bank Stream Lef t bank

813m-641 ug/L
814 m-2.140 ug/L

799 m (T3) 48 ug/L

825 m-368 ug/L

881 m--700 ug/L
Bullhide Fault

981 m-1,570 ug/L

1,087 m-1.590 ug/L

1,161 m ( T 4 ) - 1 , 5 2 0 ug/L

8 1 2 m - - 5 , 4 1 0 u g / L

^1-5,620 UQ/
857 m--2,020 ug/L

F i g u r e 10--DetaiI of zinc concentration between sites T3 and T4.
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F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1 9 9 6

S a m p l i n g S a m p l e C o l l e c t i o nS t a t i o n Date & T i m e

M W — 9 7 / 2 6 / 9 6 (5)0909
F G - 4 2
F G - 4 3
M W - 2 0
F G - 4 6
F G - 4 5
F G - 5 6
ORO-1
F G - 4 4
F G - 5 5
M W - 3
F G - 5 4
F G - 5 3
F G - 5 2
M W - 1
M W - 1 6
F G - 5 1
F G - 5 0
F G - 3 9
F G - 6 C
M S R W - 3

7 / 2 6 / 9 6 @0920
7 / 2 6 / 9 6 @0924
7 / 2 6 / 9 6 @0922
7/26/96 @0934
7 / 2 6 / 9 6 @0947
7 / 2 6 / 9 6 @0942
7/26/96 @0942
7 / 2 6 / 9 6 @0952
7 / 2 6 / 9 6 @1006
7/26/96 @1 01 7
7/26/96 @1 040
7/26/96 @1041
7/26/96 @1053
7 / 2 6 / 9 6 @1 123
7/26/96 @1 113
7/26/96 @1 107
7 / 2 6 / 9 6 @1 114
7/26/96 @1 125
7/26/96 @1 155
7 / 2 6 / 9 6 @1 136

. Fie ld Measuremen
T e m p * Cond

° C j j s i e m e n s / c m

5.7 546
8.0
7.5
5.4
7.0
7.5
8.0
8.0
7.0
6.0
8.2
7.5
9.0

11.0
8.6
8.6
7.5
8.5
9.0
7.3
9.2

139
214
611
122
170
280

2011
412
184

3480
206
132
128

2676
2676

137
137
192

3488
2801

ts
PHsu

7.50
7.31
7.38
7.06
7.26
7.28
6.97
4.34
7.01
7.32
5.76
7.19
7.19
7.26
6.13
6.34
7.34
7.27
7.17
6.19
5.85

A l km g / l

102
39.9
40.4

115
39.1
42.5
37.5

<5
29.6
42.0
35.4
39.9
45.0
45.8
95.3
119

41.1
45.1
43.5
70.0
13.2

T S S
m g / l

12
<4
<4
12
<4
<4
<4

8
<4
<4

168
<4
<4
<4
16
14
<4
<4
<4
26
46

Fm g / l

0.22
0.20
0.21
0.34
0.21
<0.2
0.20
1.00
0.20
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
1.06

C l
m g / l

1.51
2.14
2.25
1.70
1.84
2.14
2.25
26.2
2.53
2.18
2.83
2.13
2.28
2.33
1.98
1.99
2.01
2.32
2.24
3.92
1.95

S O ,m g / l

190
49.6
60.0
187

26.8
42.3
98.1
1300

181
42.5

2510
57.6
22.9
22.5
1910
1870
25.2
22.6
42.4
2550
1970

Brm g / l

1.55
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
2.09
<0.5
<0.5
<0.5
1.81
1.79
<0.5
<0.5
<0.5
2.15
<0.5

* C o n d u c t i v i t y p r o b e was no t c a l i b r a t e d b e f o r e u s e . S t a n d a r d s were measured t h r o u g h o u t th e f i e l d event and th e c o n d u c t i v i t y m e a s u r e m e n t s were c o r r e c t e d u s i n g a r e g r e s s i o n a n a l y s i s .



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996

S a m p l i n gS t a t i o n

F G - 3 8
F G - 3 7
F G - 4 1
F G - 4 0
F G - 3 9 B
F G - 3 5
F G - 3 6 B
F G - 3 1
F G - 3 1 R e p
F G - 3 3
F G - 3 2
T S - 0 4
F G - 2 5
F G - 2 8
F G - 2 2
F G - 1 8
F G - 2 7
F G - 1 7 B
F G - 1 7 B R e p
F G - 1 9

S a m p l e C o l l e c t i o nDate & T i m e

7/26/96 @1 138
7/26/96 @1 147
7/26/96 @1 147
7/26/96 @1 155
7/26/96 @1 140
7 / 2 6 / 9 6 @ 1250
7/26/96 @1 240
7/26/96 @1333
7/26/96 @1333
7/26/96 @1 31 2
7 / 2 6 / 9 6 @1 330
7 / 2 6 / 9 6 @1 347
7/26/96 @1410
7/26/96 @1358
7/26/96 @1437
7/26/96 @1425
7/26/96 @1410
7/26/96 @1453
7 / 2 6 / 9 6 @1 453
7/26/96 @1441

— — F i e l d MeasuremenT e m p * Cond
° C / j s i e n i e n s / c m

5.0
10.0
9.0
9.0
9.0
7.5
6.5
7.0

8.0
6.5
7.0
9.0
7.0

10.0
8.0

17.5
7.0

6.0

860
138
244
251
262
135
144
138

137
135
135
136
135
444
131
366
112

306

tc
PHsu

6.63
7.35
7.30
7.38
7.33
7.61
7.60
7.53

7.70
7.72
7.74
7.74
7.71
8.09
8.06
7.87
7.81

7.53

A l km g / l

26.3
46.2
41.3
40.4
39.6
44.8
43.1
45.6

45.1
43.4
45.3
45.1
45.7
124

47.2
119

44.8

56.9

T S Sm g / l

<4
<4
<4
<4
<4
<4
<4
<4

<4
<4
<4
<4
<4
<4
<4
<4
<4

<4

Fm g / l

0.30
<0.2
<0.2
<0.2
<0.2
0.23
<0.2
<0.2

<0.2
<0.2
<0.2
<0.2
<0.2
0.28
<0.2
0.20
0.20

0.21

Clm g / l

2.37
2.30
2.23
2.23
2.24
2.37
1.97
2.33

2.34
2.30
2.32
2.33
2.29
1.56
2.26
1.46
2.30

1.44

SO,m g / l

400
22.9
67.7
72.4
77.4
22.5
28.3
22.8

22.6
23.0
22.5
22.6
22.5
99.7
20.0
59.5
16.2

87.0

Brm g / l

<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

<0.5

* C o n d u c t i v i t y p r o b e was no t c a l i b r a t e d b e f o r e use. S t a n d a r d s were measured t h r o u g h o u t th e f i e ld event and the c o n d u c t r v i t y m e a s u r e m e n t s were c o r r e c t e d u s i n g a r e g r e s s i o n a n a l y s i s .



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996

S a m p l i n gS t a t i o n

F G - 1 6 B
F G - 1 6
F G - 1 6 R e p
F G - 1 6 C
F G - 1 3
F G - 9 D
F G - 1 0
F G - 9 B
F G - 0 9
F G - 0 9 R e p
F G - 1 2
F G - 1 2 f i e p
F G - 9 C
F G - 7
F G - 1 4
F G - 0 5
F G - 0 6
F G - 1 5
F G - 0 0
F G - 0 3

S a m p l e C o l l e c t i o nDate & T i m e

7/26/96 @1 51 4
7 / 2 6 / 9 6 @1 510
7 / 2 6 / 9 6 @1510
7 / 2 6 / 9 6 @1514
7 / 2 6 / 9 6 @1542
7/26/96 @1549
7 / 2 6 / 9 6 @ 1540
7 / 2 6 / 9 6 @ 1558
7 / 2 6 / 9 6 @ 1600
7 / 2 6 / 9 6 @ 1600
7/26/96 @1 543
7/26/96 @1543
7/26/96 @1 557
7/26/96 @1620
7/26/96 @1534
7/26/96 @1647
7/26/96 @ 1636
7/26/96 @ 1445
7/26/96 @1658
7/26/96 @1 652

-..-- F i e l d MeasuremenT e m p * Cond
° C p s i e m e n s / c m

8.0

8.0
8.0
5.5
6.5
6.0

11.5

6.5

7.0
11.0
7.0

11.0
8.5
8.0

10.5
11.0

135
266

144
101
109
102

95
100

100

117
93

108
98
97

292
84

101

ts -----
PHsu

7.77
7.62

7.78
8.04
8.17
8.50
8.15
8.08

8.05

7.90
7.82
7.96
8.19
8.05
7.27
8.23
8.16

A l km g / l

41.6
52.3

40.3
40.9
47.9
44.8
42.9
39.4

39.8

48.5
40.2
45.4
40.4
39.1
36.0
39.4
39.9

T S Sm g / l

<4
<4

<4
<4
<4

4
<4
<4

<4

<4
<4
<4
<4
<4
<4
<4
<4

Fm g / l

0.21
0.23

0.20
<0.2
0.20
0.20
0.20
<0.2

<0.2

0.20
<0.2
0.26
0.25
0.25
0.27
0.24
0.25

Clm g / l

3.18
1.47

3.33
3.45
1.52
1.76
1.35
4.08

3.55

2.09
4.26
2.20
4.35
3.96
3.15
1.31
4.32

SO,
m g / l

24.1
. 72.5

26.6
13.9
14.7
13.9
12.9
11.8

12.6

16.0
12.0
14.3
11.7
11.7
93.2
11.7
11.7

Brm g / l

<0.5
<0.5

<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

<0.5

<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

* C o n d u c t i v i t y probo was not cal ibrated b e fore use. S t a n d a r d s were measured throughou t the f i e l d event and the c o n d u c t i v i t y measurements were corrected using a regre s s ion analys i s .



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996
S a m p l i n gS t a t i o n

M W - 9
F G - 4 2
F G - 4 3
M W - 2 0
F G - 4 6
F G - 4 5
F G - 5 6
ORO-1
F G - 4 4
F G - 5 5
M W - 3
F G - 5 4
F G - 5 3
F G - 5 2
M W - 1
M W - 1 6
F G - 5 1
F G - 5 0
F G - 3 9
F G - 6 C
M S R W - 3

S a m p l e Col l e c t i onDate & T i m e

7/26/96 @0909
7/26/96 @0920
7/26/96 @0924
7/26/96 @0922
7/26/96 @0934
7/26/96 @0947
7/26/96 @0942
7/26/96 @0942
7/26/96 @0952
7/26/96 @1006
7/26/96 @1017
7/26/96 @1040
7/26/96 @1041
7/26/96 @1053
7/26/96 @1 123
7/26/96 @1 113
7/26/96 @1 107
7/26/96 @1 114
7/26/96 @1 125
7/26/96 @1 155
7/26/96 @1 136

T O C N H ,m g / l m g / l

<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05

6.2 0.14
<1.5 <0.05
<1.5 <0.05
<1.5 0.67
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05

1.9 0.29
<1.5 0.25
<1.5 <0.05

1.8 <0.05
<1.5 <0.05

1.7 0.50
<1.5 0.29

N C y N O ,m g / l

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

0.07
<0.05
<0.05
<0.05

0.05
<0.05
<0.05
<0.05
<0.05

0.07
<0.05

PO,m g / l

0.03
<0.02
<0.02

0.03
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02 .
<0.02
<0.02
<0.02
<0.02
<0.02

Ca-dm g / l

106.5
26.82
30.09
60.86
21.27
26.52
39.29
246.6
52.80
28.18
414.9
29.99
22.71
23.02
387.9
425.5
22.70
21.84
28.04
380.8
357.4

Mg-dm g / l

8.36
4.19
5.00
9.82
2.63
3.90
7.72

84.85
12.15
4.08

154.6
4.68
2.60
2.60

129.8
130.3

2.53
2.47
4.01

148.1
127.8

H a r d n e s sm g / l

300
84.2
95.7
192

63.9
82.3
130
965
182

87.2
1670
94.2
67.4
68.2
1500
1600
67.1
64.7
86.5
1560
1420

Na-dm g / l

3.04
1.93
2.15

52.54
1.60
2.05
2.46
9.53
2.71
2.13

12.60
2.03
2.02
2.05

12.43
12.80

1.42
1.91
2.01

11.76
11.85

K-dm g / l

1.4
<!
<!
1.5
1.2
<!
1.3
4.5
<1
<!
1.4
<1
<1
<!
3.7
4.4
<1
<!
<1

4.5
1.5

NOTE: "-d" = Dis s o lv ed



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996
S a m p l i n gS t a t i o n

F G - 3 8
F G - 3 7
F G - 4 1
F G - 4 0
F G - 3 9 B
F G - 3 5
F G - 3 6 B
F G - 3 1
F G - 3 1 R e p
F G - 3 3
F G - 3 2
T S - 0 4
F G - 2 5
F G - 2 8
F G - 2 2
F G - 1 8
F G - 2 7
F G - 1 7 B
FG — 17B Rep
F G - 1 9

S a m p l e C o l l e c t i o nDate & T i m e

7/26/96 @1 138
7 / 2 6 / 9 6 @1 147
7/26/96 @1 147
7 / 2 6 / 9 6 @1 155
7/26/96 @1 140
7/26/96 @ 1250
7/26/96 @1 240
7 / 2 6 / 9 6 @1333
7/26/96 @ 1333
7/26/96 @1 31 2
7/26/96 @1330
7/26/96 @1347
7/26/96 @1410
7/26/96 @1 358
7/26/96 @1 437
7/26/96 @1425
7/26/96 @1410
7/26/96 @1 453
7/26/96 @1453
7/26/96 @1441

T O G N H ,m g / l m g / l

<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05

<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05

1.9 <0.05
<1.5 <0.05

<1.5 <0.05

N O j / N O ,m g / l

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

0.06

P04m g / l

<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02

<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02

<0.02

Ca-dm g / l

107.0
22.69
34.79
35.48
36.15
23.22
24.68
23.19

22.81
23.32
22.64
23.04
23.17
72.64
23.24
63.78
21.10

43.23

M g - dm g / l

29.55
2.54
5.72
5.97
6.26
2.59
2.94
2.60

2.55
2.57
2.54
2.62
2.62

14.23
2.49
6.07
1.95

8.95

h a r d n e s sm g / l

389
67.1
110
113
116

68.6
73.7
68.6

67.5
68.8
67.0
68.3
68.6
240

68.3
184

60.7

145

N a - d K - dm g / l m g / l

3.73 1.9
1.95 <1
2.18 1.0
2.21 <1
2.23 <1
2.01 <1
1.74 <1
2.00 <1

1.98 <1
1.96 . <1
1.97 <1
2.01 <1
2.02 <1
2,05 1.5
1.96 1.5
3.36 <1
1.96 <1

1.57 <1

NOTE: --d' = Disso lved



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996
S a m p l i n gStat ion

F G - 1 6 B
F G - 1 6
F G - 1 6 R e p
F G - 1 6 C
F G - 1 3
F G - 9 D
F G - 1 0
F G - 9 B
F G - 0 9
F G - 0 9 R e p
F G - 1 2
F G - 1 2 R e p
F G - 9 C
F G - 7
F G - 1 4
F G - 0 5
F G - 0 6
F G - 1 5
F G - 0 0
F G - 0 3

S a m p l e C o l l e c t i o nDate & T i m e

7/26/96 @1 51 4
7/26/96 @1 510
7/26/96 @1 510
7/26/96 @1514
7/26/96 @ 1542
7/26/96 @1549
7/26/96 @1540
7 / 2 6 / 9 6 @1558
7/26/96 @ 1600
7/26/96 @1600
7/26/96 @1543
7/26/96 @1543
7/26/96 @1 557
7/26/96 @1620
7/26/96 @1534
7/26/96 @1647
7/26/96 @ 1636
7/26/96 @1 445
7 / 2 6 / 9 6 @1658
7 / 2 6 / 9 6 @1652

T O G N H ,m g / l m g / l

<1.5 <0.05
<1.5 <0.05

<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05

<1.5 <0.05

<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05
<1.5 <0.05

N O j / N O ,m g / l

<0.05
0.06

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

<0.05

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

m g / l

<0.02
<0.02

<0.02
<0.02
<0.02
<0.02
<0.02
<0.02

<0.02

<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02

Ca-dm g / l

23.14
39.35

23.18
20.04
22.10
19.97
19.39
17.70

18.44

22.81
17.48
22.03
18.62
18.34
33.14
17.75
17.85

Mg-dm g / l

2.39
7.75

2.72
1.65
1.93
1.74
1.71
1.42

1.50

1.98
1.40
1.92
1.47
1.44
8.07
1.43
1.42

H a r d n e s sm g / l

67.6
130

69.1
56.8
63.1
57.0
55.5
50.0

52.2

65.1
49.4
62.9
52.5
51.7

116
50.2
50.4

N a - d K - dm g / l m g / l

2.49 <1
1.58 <1

2.66 <1
2.74 <1
1.45 <1
1.58 <1
1.28 <1
3.57 <1

2.87 <1

1.83 <1
3.62 <1
2.01 <1
4.20 <1
3.35 <1
2.53 <1
1.25 <1
4.00 <1

N O T E : ' - d " = D i s s o l v e d



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996
S a m p l i n gS t a t i o n

M W - 9
F G - 4 2
F G - 4 3
M W - 2 0
F G - 4 6
F G - 4 5
F G - 5 6
ORO-1
F G - 4 4
F G - 5 5
M W - 3
F G - 5 4
F G - 5 3
F G - 5 2
M W - 1
M W - 1 6
F G - 5 1
F G - 5 0
F G - 3 9
F G - 6 C
M S R W - 3

S a m p l e C o l l e c t i o n
Date & T i m e

7 / 2 6 / 9 6 @0909
7 / 2 6 / 9 6 @0920
7 / 2 6 / 9 6 @0924
7/26/96 @0922
7 / 2 6 / 9 6 @0934
7 / 2 6 / 9 6 @0947
7/26/96 @0942
7/26/96 @0942
7 / 2 6 / 9 6 @0952
7 / 2 6 / 9 6 @1006
7 / 2 6 / 9 6 @1017
7/26/96 @1040
7/26/96 @1041
7/26/96 @1053
7/26/96 @1 123
7/26/96 @1 113
7/26/96 @ 11 07
7/26/96 @1114
7/26/96 @1 125
7/26/96 @1 155
7/26/96 @1 136

PHsu

7.50
7.31
7.38
7.06
7.28
7.28
6.97
4.34
7.01
7.32 '
5.76
7.19
7.19
7.26
6.13
6.34
7.34
7.27
7.17
6.19
5.85

A l k
m g / l

102
39.9
40.4
115

39.1
42.5
37.5

<5
29.6
42.0
35.4
39.9
45.0
45.8
95.3
119

41.1
45.1
43.5
70.0
13.2

H a r d n e s sm g / l

300
84.2
95.7
192

63.9
82.3
130
965
1 8 2 '

87.2
1670
94.2
67.4
68.2
1500
1600
67.1
64.7
86.5
1560
1420

C d - t
/ < 9 / l

9.2
10.4
12.3
0.5
4.1

11.4
19.9
370

30.9
11.5
164

12.7
7.7
7.8
154
118
3.6
8.0

12.0
416
562

C d - d/ ' g / i

1.3
8.9

11.5
<O.S

3.3
9.3

17.2
361

25.1
9.8
146

12.0
6.7
6.8
143
114
3.1
6.9

10.9
387
536

Cr-t
/ ' 9 / I

<4
<4
<4
5.6
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4.
<4
<4

Cr-d^g/i

<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

Cu-tp g / i

7.9
<0.8

1.5
1.0

<0.8
<0.8
<0.8

170.8
<0.8
<0.8
12.8
0.9

<0.8
0.8
3.7

<0.8
<0.8

1.5
1.3

<0.8
145.2

Cu-d/ ' g / i

<0.8
<0.8

1.8
<0.8
<0.8
<0.8
<0.8
92.1
<0.8
<0.8
<0.8

1.0
<0.8
<0.8

1.1
<0.8
<0.8

0.9
1.5

<0.8
109

NOTE: --f = T o t a l Recoverable -d" = D i s s o l v e d



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996
S a m p l i n gS t a t i o n

F G - 3 8
F G - 3 7
FG-41
F G - 4 0
F G - 3 9 B
F G - 3 5
F G - 3 6 B
F G - 3 1
F G - 3 1 R e p
F G - 3 3
F G - 3 2
T S - 0 4
F G - 2 5
F G - 2 8
F G - 2 2
F G - 1 8
F G - 2 7
F G - 1 7 B
F G - 1 7 B R e p
F G - 1 9

S a m p l e CollectionDate & T i m e

7/26/96 @1 138
7/26/96 @ 11 47
7/26/96 @1 147
7/26/96 @1 155
7/26/96 @1 140
7 / 2 6 / 9 6 @ 1250
7/26/96 @ 1240
7/26/96 @1333
* 7 / O R / O R / T T H Q Q ' af / ^ b / y o ( S H o o o
7/26/96 @1312
7 / 2 6 / 9 6 @1330
7/26/96 @1347
7/26/96 @1410
7/26/96 @1358
7/26/96 @ 1437
7/26/96 @1425
7/26/96 @1410
7/26/96 @1453
7/26/96 @1 453
7/26/96 @1441

pHsu

6.63
7.35
7.30
7.38
7.33
7.61
7.60
7.53

7.70
7.72
7.74
7.74
7.71
8.09
8.06
7.87
7.81

7.53

A l km g / l

26.3
46.2
41.3
40.4
39.6
44.8
43.1
45.6

45.1
43.4
45.3
45.1
45.7
124

47.2
119

44.8

56.9

Hardnes sm g / l

389
67.1
110
113
116

68.6
73.7
68.6

67.5
68.8
67.0
68.3
68.6
240

68.3
184

60.7

145

Cd-t/ < g / i

130
8.2

13.8
13.2
16.7
7.8
4.7
8.0
7 Q1 .9

8.0
5.7
8.0
8.1
8.5
3.2
3.9

<0.5
2.5
2.4

19.6

Cd-dy g / i

121
7.2

12.8
14.4
16.2
7.4
3.7
7.6

7.8
5.1
7.9
8.0
7.9
2.9 .
3.5

<0.5
1.8

20.9

Cr-tp g / i

<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

Cr-d/ * g / i

<4
<4
<4
<4
<4
<4
<4
<4

<4
<4
<4
<4
<4
<4
<4
<4
<4

<4

Cu-t/ * g / i

13.7
<0.8
<0.8

0.8
1.5

<0.8
<0.8
<0.8

A ftU.O

0.8
<0.8
<0.8
<0.8

2.1
<0.8
<0.8
<0.8

0.9
1.2

<O.B

Cu-d/ < g / i

13.2
<0.8
<0.8
<0.8
<0.8
<0.8
<0.8
<0.8

<0.8
<0.8
<0.8
<0.8
<0.8
<0.8
<0.8
<0.8
<0.8

<0.8

N O T E : --r = T o t a l Recoverable "-d- = Dissolved



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996

S a m p l i n g
S t a t i o n

F G - 1 6 B
F G - 1 6
FG — 1 6 Rep
F G - 1 6 C
F G - 1 3
F G - 9 D
F G - 1 0
F G - 9 B
F G - 0 9
F G - 0 9 R e p
F G - 1 2
F G - 1 2 R e p
F G - 9 C
F G - 7
F G - 1 4
F G - 0 5
F G - 0 6
F G - 1 5
F G - 0 0
F G - 0 3

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 6 / 9 6 @1514
7 / 2 6 / 9 6 @1510
7 / 2 6 / 9 6 @1510
7 / 2 6 / 9 6 @1514
7 / 2 6 / 9 6 @1542
7 / 2 6 / 9 6 @ 1549
7 / 2 6 / 9 6 @1540
7 / 2 6 / 9 6 @ 1558
7 / 2 6 / 9 6 @1600
7/26/96 @ 1600
7 / 2 6 / 9 6 @1 543
7/26/96 @ 1543
7/26/96 @1557
7/26/96 @1620
7/26/96 @1534
7/26/96 @1 647
7/26/96 @1 636
7/26/96 @1445
7/26/96 @1 658
7/26/96 @1652

PHsu

7.77
7.62

7.78
8.04
8.17
8.50
8.15
8.08

8.05

7.90
7.82
7.96
8.19
8.05
7.27
8.23
8.16

A l k
m g / l

41.6
52.3

40.3
40.9
47.9
44.8
42.9
39.4

39.8

48.5
40.2
45.4
40.4
39.1
36.0
39.4
39.9

H a r d n e s sm g / l

67.6
130

69.1
56.8
63.1
57.0
55.5
50.0

52.2

65.1
49.4
62.9
52.5
51.7
116

50.2
50.4

C d - t/ < g / i

2.4
18.2

10.8
1.2

<0.5
0.6

<0.5
<0.5
<0.5

0.7
f\ A

<0.5
<0.5

0.8
<0.5
<0.5
75.6
<0.5
<0.5

C d - d/ < g / i

2.0
19.8

9.9
0.6

<0.5
<0.5
<0.5
<0.5

0.5

<0.5
<0.5
<0.5
<0.5
<0.5
76.4
<0.5
<0.5

Cr-tva»

<4
7.3
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

Cr-d
P 9 / I

<4
<4

<4
<4
<4
<4
<4
<4

<4

<4
<4
<4
<4
<4
<4
<4
<4

Cu-t/ ' g / i

<o.a
<o.a
.-" r\ H

3.2
<0.8
<0.8
<0.8
<0.8
<0.8

-f f\ Q

<0.8
^j/"> o

<0.8
<0.8
<0.8
<0.8
<0.8

7.5
<0.8
<0.8

Cu-d/ < g / i

<o.e
<0.8

0.8
<0.8
<0.8
<0.8
<0.8
<o.e

0.8

<0.8
<0.8
<0.8
<0.8
<0.8

3.8
<0.8
<0.8

NOTE: "-t" = T o t a l Recoverable "-d" = D i s s o l v e d



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996
S a m p l i n gStat ion

M W - 9
F G - 4 2
F G - 4 3
M W - 2 0
F G - 4 6
F G - 4 5
F G - 5 6
ORO-1
F G - 4 4
F G - 5 5
M W - 3
F G - 5 4
F G - 5 3
F G - 5 2
M W - 1
M W - 1 6
F G - 5 1
F G - 5 0
F G - 3 9
F G - 6 C
M S R W - 3

S a m p l e C o l l e c t i o nDate & Time

7/26/96 @0909
7/26/96 @0920
7/26/96 @0924
7/26/96 @0922
7 / 2 6 / 9 6 @0934
7/26/96 @0947
7/26/96 @0942
7/26/96 @0942
7/26/96 @0952
7/26/96 @1006
7/26/96 @1 01 7
7 / 2 6 / 9 6 @ 1040
7/26/96 @1041
7/26/96 @1 053
7/26/96 @1 123
7/26/96 @1 113
7/26/96 @1 107

. 7/26/96 @1 114
7/26/96 @11 25
7/26/96 @1155
7/26/96 @1 136

pHsu

7.50
7.31
7.38
7.06
7.28
7.28
6.97
4.34
7.01
7.32
5.76
7.19
7.19
7.26
6.13
6.34
7.34
7.27
7.17
6.19
5.85

A l km g / l

102
39.9
40.4
115

39.1
42.5
37.5

<5
29.6
42.0
35.4
39.9
45.0
45.8
95.3
119

41.1
45.1
43.5
70.0
13.2

H a r d n e g *m g / l

300
84.2
95.7
192

63.9
82.3
130
965
182

87.2
1670
94.2
67.4
68.2
1500
1600
67.1
64.7
86.5

1560
1420

A g - t
A*9/l

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
1.00
<0.2
<0.2
0.60
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

Ag-d
P 9 / I

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

Zn-t/ * g / i

345.3
3548.2
4741.5

44.1
701.8

3015.9
8658.3
161900

18029
3055.0

230460
3991.0
1407.0
1431.7

197120
155150

486.7
1417.4
3242.0

262140
214570

Zn-d
P9/I

74.9
3357.9
4511.0

18.8
646.7

2882.6
8636.5
157130

17104
2976.1

212240
3744.7
1349.2
1360.3

183720
144400

470.4
1335.1
3184.7

243020
201910

A l - tp g / i

2280
<40
<40
967
<40
<40
<40

2119
<40

40
7140

131
77
43

147
89

<40
66
55

228
985

A l - dp g / i

50
<40

43
<40

44
40

<40
2184
<40
<40
154
<40
<40
<40

96
47 .

<40
<40

76
142
515

N O T E : "-f = T o t a l Recoverable "-d" = Dissolved



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996

S a m p l i n gS t a t i o n

F G - 3 8
F G - 3 7
F G - 4 1
F G - 4 0
F G - 3 9 B
F G - 3 5
F G - 3 6 B
F G - 3 1
F G - 3 1 R e p
F G - 3 3
F G - 3 2
T S - 0 4
F G - 2 5
F G - 2 8
F G - 2 2
F G - 1 8
F G - 2 7
F G - 1 7 B
F G - 1 7 B R e pF G - 1 9

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 6 / 9 6 @1 138
7/26/96 @ 11 47
7 / 2 6 / 9 6 @ 11 47
7 / 2 6 / 9 6 @1 155
7/26/96 @1 140
7/26/96 @ 1250
7 / 2 6 / 9 6 @ 1240
7 / 2 6 / 9 6 @ 1333
7 / 2 6 / 9 6 @ 1333
7/26/96 @1 31 2
7/26/96 @ 1330
7 / 2 6 / 9 6 @1347
7/26/96 @1410
7/26/96 @1358
7/26/96 @1 437
7/26/96 @1425
7/26/96 @1 410
7/26/96 @1453
7/26/96 @1 453
7/26/96 @1441

pHsu

6.63
7,35
7.30
7.38
7.33
7.61
7.60
7.53

7.70
7.72
7.74
7.74
7.71
8.09
8.06
7.87
7.81

7.53

A l km g / l

26.3
46.2
41.3
40.4
39.6
44.8
43.1
45.6

45.1
43.4
45.3
45.1
45.7
124

47.2
119

44.8

56.9

l a r d n e s sm g / l

389
67.1

110
113
116

68.6
73.7
68.6

67.5
68.8
67.0
68.3
68.6
240

68.3
184

60.7

145

A g - t^g/i

<02
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

A g - d/ j g / i

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

<0.2

Z n - tp g / i

47248
1486.4
4956.0
5400.0
6146.1
1521.4
750.2

1565.6
•icya Q

1572.9
1098.2
1556.8
1570.6
1546.8
2002.4

703.7
10.8

372.0
*V7O R

5549.0

Zn-d/ j g / i

43917
1428.6
4908.7
5395.7
5934.9
1502.5
737.2

1543.7

1480.4
1044.1
1515.1
1571.9
1587.8
2024.4

699.2
7.3

368.2

5616.1

A l - t/ < g / i

58
<40

54
<40
<40

48
<40

68
on

55
210

57
69
81

<40.
72

<40
63
75

<40

A l - d/ j g / i

58
<40
<40
<40
<40
<40
<40
<40

<40
<40
<40
<40
<40
<40
<40
<40
<40

<40

NOTE: "-f = T o t a l Recoverable "-d" = D i s s o l v e d



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996
S a m p l i n gStat ion

F G - 1 6 B
F G - 1 6
FG — 16 Rep
F G - 1 6 C
F G - 1 3
F G - 9 D
F G - 1 0
F G - 9 B
F G - 0 9
F G - 0 9 R e p
F G - 1 2
F G - 1 2 R e p
F G - 9 C
F G - 7
F G - 1 4
F G - 0 5
F G - 0 6
F G - 1 5
F G - 0 0
F G - 0 3

S a m p l e C o l l e c t i o nDate & T i m e

7/26/96 @1 51 4
7/26/96 @1510
7/26/96 @1 510
7/26/96 @1 51 4
7/26/96 @1 542
7/26/96 @ 1549
7/26/96 @ 1540
7/26/96 @ 1558
7/26/96 @1 600
7/26/96 @1 600
7/26/96 @1 543
7/26/96 @ 1543
7/26/96 @1 557
7/26/96 @1620
7/26/96 @1534
7/26/96 @1 647
7/26/96 @1636
7/26/96 @1 445
7/26/96 @1 658
7/26/96 @ 1652

pHsu

7.77
7.62

7.78
8.04
8.17
8.50
8.15
8.08

8.05

7.90
7.82
7.96
8.19
8.05
7.27
8.23
8.16

A l km g / l

41.6
52.3

40.3
40.9
47.9
44.8
42.9
39.4

39.8

48.5
40.2
45.4
40.4
39.1
36.0
39.4
39.9

H a r d n e s sm g / l

67.6
130

69.1
56.8
63.1
57.0
55.5
50.0

52.2

65.1
49.4
62.9
52.5
51.7
116

50.2
50.4

Ag-t/ ^ g / i

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

Ag-d
P 9 / I

<0.2
<0.2

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

<0.2

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

Zn-t/ * g / i

637.1
5085.0
5103.5
2001.8

135.4
11.2
58.5
11.2
17.4
20.8
79.8
81.6
17.0
14.8
50.5
10.6
14.8

15810
10.2

8.1

Zn-dp g / i

641.2
5414.5

2137.8
121.5

10.2
37.2

8.1
14.1

76.2

16.9
15.5
47.8

9.3
13.6

16335
8.5
7.3

A l - t
. /^3/ l

<40
<40

55
<40
127
<40
119
<40
<40

43
<40
<40
<40
<40

62
<40
<40
278

55
<40

A l - d»al\

<40
<40

<40
<40
<40
<40
<40
<40

<40

<40
<40
<40
<40
<40
<40
<40
<40

NOTE: "-t" = T o t a l Recoverable •-d" = Dis s o lv ed



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996

S a m p l i n g
S t a t i o n

M W - 9
F G - 4 2
F G - 4 3
M W - 2 0
F G - 4 6
F G - 4 5
F G - 5 6
ORO-1
F G - 4 4
F G - 5 5
M W - 3
F G - 5 4
F G - 5 3
F G - 5 2
M W - 1
M W - 1 6
F G - 5 1
F G - 5 0
F G - 3 9
F G - 6 C
M S R W - 3

S a m p l e C o l l e c t i o n
Date & T i m e

7 / 2 6 / 9 6 @0909
7 / 2 6 / 9 6 @0920
7 / 2 6 / 9 6 @0924
7/26/96 @0922
7 / 2 6 / 9 6 @0934
7 / 2 6 / 9 6 @0947
7/26/96 @0942
7/26/96 @0942
7/26/96 @0952
7/26/96 @1006
7/26/96 @1017
7 / 2 6 / 9 6 @ 1040
7/26/96 @1041
7/26/96 @1053
7/26/96 @ 11 23
7/26/96 @1 113
7/26/96 @1 107
7/26/96 @1 114
7/26/96 @1 125
7/26/96 @1 155
7/26/96 @1 136

PHsu

7.50
7.31
7.38
7.06
7.28
7.28
6.97
4.34
7.01
7.32
5.76
7.19
7.19
7.26
6.13
6.34
7.34
7.27
7.17
6.19
5.85

A l km g / l

102
39.9
40.4

115
.39.1
42.5
37.5

<5
29.6
42.0
35.4
39.9
45.0
45.8
95.3
119

41.1
45.1
43.5
70.0
13.2

H a r d n a c cm g / l

300
84.2
95.7

192
63.9
82.3
130
965
182

87.2
1670
94.2
67.4
68.2
1500
1600
67.1
64.7
86.5

1560
1420

F e - tM a / i

3536.6
134.2
204.3
860.3

61.2
117.9
419.6

74326
1028.9

114.1
388500

154.5
51.8
44.7

167720
142640

20,7
40.1
77.9

333230
179690

F e - d
M 9 / I

<5
32.4
52.8

<5
<5

26.1
158.6

73132
789.1

36.0
355310

48.4
18.6
6.4

157080
131150

11.9
10.8
33.6

306960
168170

Pb-t
M 9 / I

31.9
3.1
4.7
3.9
2.4
3.3
8.2

785.31
16.7
3.3

592.14
4.6
0.9
1.3

561.39
18.8
<0.8

1.3
0.8

540.72
400.83

Pb-d
M 9 / I

<0.8
<0.8
<0.8
<0.8
<0.8

0.9
0.9

735.20
4.1
1.4

298.63
2.1

<0.8
<0.8

479.92
16.7
<0.8
<0.8
<0.8

449.46
220.00

Mn-t
M 9 / I

1457.0
788.4

1121 .2
75.0
18.1

616.8
2320.8

33032.5
5404.8

667.4
85608.3

921.6
254.5
270.3

50310.3
44985.2

14.0
266.2
850.8

103829
52228.2

Mn-d/ j g / i

24.8
762.9

1091.1
55.5
14.3

602.9
2365.2

33601.8
500B.2

631.4
79547.5

831.8
236.6
249.4

47036.7
41138.4

12.5
242.6
809.4

95954.2
49432.6

NOTE: m -f = T o t a l Recoverable "-d" = D i s s o l v e d



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996
S a m p l i n gS t a t i o n

F G - 3 8
F G - 3 7
F G - 4 1
F G - 4 0
F G - 3 9 B
F G - 3 5
F G - 3 6 B
F G - 3 1
F G - 3 1 R e p
F G - 3 3
F G - 3 2
T S - 0 4
F G - 2 5
F G - 2 8
F G - 2 2
F G - 1 8
F G - 2 7
F G - 1 7 B
F G - 1 7 B R e PF G - 1 9

S a m p l e Col l e c t i onDate & T i m e

7/26/96 @1 138
7/26/96 @1 147
7/26/96 @1 147
7/26/96 @1 155
7/26/96 @1 140
7/26/96 @1 250
7/26/96 @1 240
7/26/96 @1333
7 / 2 6 / 9 6 @1333
7/26/96 @1312
7/26/96 @1330
7/26/96 @1347
7/26/96 @1 410
7/26/96 @ 1358
7/26/96 @1 437
7/26/96 @1425
7/26/96 @1410
7/26/96 @1453
7/26/96 @1 453
7/26/96 @1441

pHsu

6.63
7.35
7.30
7.38
7.33
7.61
7.60
7.53

7.70
7.72
7.74
7.74
7.71
8.09
8.06
7.87
7.81

7.53

A l km g / l

26.3
46.2
41.3
40.4
39.6
44.8
43.1
45.6

45.1
43.4
45.3
45.1
45.7
124

47.2
119

44.8

56.9

H a r d n c nm g / l

389
67.1
110
113
116

68.6
73.7
68.6

67.5
68.8
67.0
68.3
68.6
240

68.3
184

60.7

145

Fe-t
P S / I

200.9
58.2

373.6
427.1
928.9

64.5
13.9
62.2

•*OO Ql O d . i f

79.9
183.4

93.6
88.2
80.7

<4
64.9

277.2
82.0
90.0
15.8

Fe-d
HQl\

181.9
22.9

121.8
195.9
428.3

11.0
8.9

15.5

10.6
<5
9.4

13.4 .
13.1

<5
6.1

30.8
6.4

10.5

Pb-t/ * g / i

21.4
<0.8

5.5
6.3

14.4
<0.8
<O.B

1.1
<0.8
<0.8

2.0
<0.8
<o.e
<0.8
<0.8

2.1
<0.8

2.3
2.7
0.9

Pb-dp g / i

23.5
<0.8

0.9
<0.8
<0.8
<0.8
<0.8
<0.8

<0.8
<0.8
<0.8
<0.8
<0.8
<o.a
<0.8
<0.8
<0.8

<0.8

Mn-t/ * g / i

17077.5
291.3

1357.4
1515.2
1597.8
299.0

14.0
307.0
O-4 4 Q01 1 .0
307.7

37.1
313.3
320.5
314.4

97.0
119.3
183.1

67.1
C*7 KOf .6

4.2

Mn-d/ < g / i

15340.0
270.6

1307.0
1465.9
1510.9
285.2

13.0
292.1

280.7
12.0

289.2
302.0
305.4

91.9
111.0
133.7

59.5

2.8

N O T E : "-f = T o t a l Recoverable "-d" = Dissolved



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996
S a m p l i n gS t a t i o n

F G - 1 6 B
F G - 1 6
FG — 16 Rep
F G - 1 6 C
F G - 1 3
F G - 9 D
F G - 1 0
F G - 9 B
F G - 0 9
F G - 0 9 Re PF G - 1 2
F G - 1 2 R e p
F G - 9 C
F G - 7
F G - 1 4
F G - 0 5
F G - 0 6
F G - 1 5
F G - 0 0
F G - 0 3

S a m p l e C o l l e c t i o nDate & T i m e

7/26/96 @1 51 4
7 / 2 6 / 9 6 @1 510
7/26/96 @1510
7/26/96 @1 51 4
7 / 2 6 / 9 6 @ 1542
7 / 2 6 / 9 6 @1 549
7 / 2 6 / 9 6 @ 1540
7/26/96 @ 1558
7 / 2 6 / 9 6 @ 1600
7 / 2 6 / 9 6 @ 1600
7/26/96 @1 543
7/26/96 @1 543
7/26/96 @1557
7/26/96 @1620
7/26/96 @1 534
7/26/96 @1 647
7/26/96 @1 636
7/26/96 @1 445
7/26/96 @1 658
7/26/96 @1 652

PHsu

7.77
7.62

7.78
8.04
8.17
8.50
8.15
8.08

8.05

7.90
7.82
7.96
8.19
8.05
7.27
8.23
8.16

A l k
m g / l

41.6
52.3

40.3
40.9
47.9
44.8
42.9
39.4

39.8

48.5
40.2
45.4
40.4
39.1
36.0
39.4
39.9

h a r d n e s sm g / l

67.6
130

69.1
56.8
63.1
57.0
55.5
50.0

52.2

65.1
49.4
62.9
52.5
51.7
116

50.2
50.4

F e - t/ * g / i

114.6
38.6
P1 s£- \ .O

121.9
182.8

6.4
136.2

8.2
23.0
81.6
48.4
Cf) Aou.t
39.8
24.9
69.9
24.3
26.8

637.0
74.9
19.9

F e - d
P 9 / I

60.7
<5

60.2
<5
<5
<5
<5
<5

6.6

<5
<5
<5
8.5
<5

54.7
<5
<5

Pb-t/ j g / i

<0.8
<0.8
<0.8
<0.8

4.7
<0.8

3.3
<0.8

1.0
1.7
1.4
1.1
0.9
1.1
2.0

<0.8
0.8
3.2
1.1
1.2

Pb-d
P 9 / I

<0.8
<0.8

<0.8
<0.8

.<0.8
<0.8
<0.8
<0.8

<0.8

<o.e
<0.8
<0.8
<0.8
<0.8
<o.e
<0.8
<o.e

M n - tp g / i

310.6
8.4
6.0

458.2
15.4

<1
6.8
<1
4.3
6.4
4.1
5.0
1.9
2.4
3.8
4.5
1.6

3449.4
6.2
4.2

M n - d/ ^ g / i

297.1
4.8

466.0
<1
<1
<1
<1
2.0

<1

<1
1.0
<1
2.5
<1

3481.8
2.6
2.2

N O T E : "-r = T o t a l Recoverable •-d" = Dissolved



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996
S a m p l i n gS t a t i o n

M W - 9
F G - 4 2
F G - 4 3
M W - 2 0
F G - 4 6
F G - 4 5
F G - 5 6
ORO-1
F G - 4 4
F G - 5 5
M W - 3
F G - 5 4
F G - 5 3
F G - 5 2
M W - 1
M W - 1 6
F G - 5 1
F G - 5 0
F G - 3 9
F G - 6 C
M S R W - 3

S a m p l e C o l l e c t i o nDate & T i m e

7/26/96 @0909
7/26/96 @0920
7/26/96 @0924
7/26/96 @0922
7/26/96 @0934
7/26/96 @0947
7/26/96 @0942
7/26/96 @0942
7/26/96 @0952
7/26/96 @1006
7/26/96 @ 101 7
7/26/96 @1040
7/26/96 @1 041
7/26/96 @1053
7/26/96 @1 123
7/26/96 @1 113
7/26/96 @1 107
7/26/96 @1 114
7/26/96 @1 125
7/26/96 @1 155
7/26/96 @1 136

pHsu

7.50
7.31
7.38
7.06
7.28
7.28
6.97
4.34
7.01
7.32
5.76
7.19
7.19
7.26
6.13
6.34
7,34
7.27
7.17
6.19
5.85

A l km g / l

102
39.9
40.4
115

39.1
42.5
37.5

<5
29.6
42.0
35.4
39.9
45.0
45.8
95.3
119

41.1
45.1
43.5
70.0
13.2

H«rdn.» N i - t N i - d As-t As-d

300 <10 <10 . 7.90 <1
84.2 <10 <10 <1 <1
95.7 <10 <10 <1 <1
192 <10 <10 <1 <1

63.9 <10 <10 <1 <1
82.3 <10 <10 <1 1.00
130 <10 11.8 <1 <1
965 109.6 113.4 2.60 4.20
182 17.2 11.8 <1 <1

87.2 <10 <10 <1 <1
. 1670 197.4 171.3 36.80 24.40

94.2 <10 <10 <1 <1
67.4 <10 <10 <1 <1
68.2 <10 <10 <1 <1
1500 147.6 141.8 46.00 32.90
1600 159.4 140.1 24.00 18.30
67.1 <10 <10 <1 <1
64.7 <10 <10 <1 <1
86.5 <10 <10 <1 1.20
1560 316.4 280.0 7.90 7.70
1420 124.3 108.2 4.70 2.50

NOTE: "-t" = T o t a l Recoverable "-d" = Dis s o lv ed



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996

S a m p l i n gS t a t i o n

F G - 3 8
F G - 3 7
F G - 4 1
F G - 4 0
F G - 3 9 B
F G - 3 5
F G - 3 6 B
F G - 3 1
F G - 3 1 R e p
F G - 3 3
F G - 3 2
T S - 0 4
F G - 2 5
F G - 2 8
F G - 2 2
F G - 1 8
F G - 2 7
F G - 1 7 B
F G - 1 7 B R e PF G - 1 9

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 6 / 9 6 @ 11 38
7 / 2 6 / 9 6 @1 147
7 / 2 6 / 9 6 @1 147
7/26/96 @1 155
7/26/96 @1 140
7/26/96 @ 1250
7 /26/96 @ 1240
7/26/96 @1 333
7/26/96 @1333
7/26/96 @1312
7/26/96 @1330
7/26/96 @1347
7 / 2 6 / 9 6 @1410
7/26/96 @1358
7/26/96 @1437
7/26/96 @1 425
7/26/96 @1410
7/26/96 @1453
7/26/96 @1453
7/26/96 @1 441

p Hsu

6.63
7.35
7.30
7.38
7.33
7.61
7.60
7.53

7.70
7.72
7.74
7.74
7.71
8.09
8.06
7.87
7.81

7.53

A l km g / l

26.3
46.2
41.3
40.4
39.6
44.8
43.1
45.6

45.1
43.4
45.3
45.1
45.7
124

47.2
119

44.8

56.9

H a r d n e s tm g / l

389
67.1
110
113
116

68.6
73.7
68.6

67.5
68.8
67.0
68.3
68.6
240

68.3
184

60.7

145

N i - t N i - d As-t As-d

46.0 39.6 <1 <1
<10 <10 <1 1.50
<10 <10 <1 1.50
<10 <10 <1 <1
<10 <10 <1 <1
<10 <10 <1 <1
<10 <10 <1 1.20
<10 <10 <1 <1
<10
<10 <10 <1 <1
<10 <10 <1 <1
<10 <10 <1 1.30
<10 <10 <1 <1
<10 <10 <1 <1
<10 <10 <1 <1
<10 <10 <1 <1
<10 <10 <1 <1
<10 <10 <1 <1
<10 <1

NOTE: "-t" = Tota l Recoverable "-d" = Dissolved



F R E N C H G U L C H W A T E R C H E M I S T R Y D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 2 6 , 1996
S a m p l i n gS t a t i o n

F G - 1 6 B
F G - 1 6
F G - 1 6 R e p
F G - 1 6 C
F G - 1 3
F G - 9 D
F G - 1 0
F G - 9 B
F G - 0 9
F G ~ 0 9 R e p
F G - 1 2
F G - 1 2 R e p
F G - 9 C
F G - 7
F G - 1 4
F G - 0 5
F G - 0 6
F G - 1 5
F G - 0 0
F G - 0 3

S a m p l e Collec t ionDate & T i m e

7/26/96 @1514
7/26/96 @1510
7/26/96 @1510
7/26/96 @1514
7/26/96 @1 542
7/26/96 @1 549
7/26/96 @1540
7/26/96 @155B
7/26/96 @1600
"flOR/QR / T v M f i A A

7/26/96 @1543
7/26/96 @1543
7/26/96 @1557
7/26/96 @1620
7/26/96 @1 534
7/26/96 @1647
7/26/96 @1636
7/26/96 @1445
7/26/96 @1 658
7/26/96 @1 652

pHsu

7.77
7.62

7.78
8.04
8.17
8.50
6.15
8.08

8.05

7.90
7.82
7.96
8.19
8.05
7.27
8.23
8.16

A l km g / l

41.6
52.3

40.3
40.9
47.9
44.8
42.9
39.4

39.8

48.5
40.2
45.4
40.4
39.1
36.0
39.4
39.9

H.rdn.o N l - t N f - d A S - t As-dm g / l / j g / l / * g / l / * g / l p g / l

67.6 <10 <10 <1 <1
130 10.6 <10 <1 <1

69.1 <10 <10 <1 <1
56.8 <10 <10 <1 1.20
63.1. <10 <10 <1 1.00
57.0 <10 <10 <1 <1
55.5 <10 <10 <1 <1
50.0 <10 <10 <1 <1

<10
52.2 <10 <10 <1 <1

<10 <1
65.1 <10 <10 <1 <1
49.4 <10 <10 <1 <1
62.9 <10 <10 <1 <1
52.5 <10 <10 <1 <1
51.7 <10 <10 <1 1.00
116 <10 <10 <1 <1

50.2 <10 <10 <1 <1
50.4 <10 <10 <1 <1

NOTE: '-f = Tota l Recoverable "-d" = Dissolved



F R E N C H G U L C H Q A / Q C D A T A F O R T H E S Y N O P T I C S A M P L I N G : J u l y 26 ,1996
S a m p l i n gStat i on

n/> -i
QC-2n p _ q
on — 4.

S a m p l i n gStat ion

nr* -i
QC-2
QC-3nn— A

S a m p l i n gStation

QC-1nr* ouo — d.or* QUO — o
QC-4

S a m p l e CollectionDate & Time

7/26/96 ©1720
7/26/96 @1720
7/26/96 @1720
7 / 2 6 / 9 6 ©1720

S a m p l e C o l l e c t i o nDate & T i m e

7/26/96 @1720
7/26/96 @1720
7/26/96 @1720
7/26/96 ©1720

S a m p l e C o l l e c t i o nDate & Time

7/26/96 @1720
" 7 / O C / Q / l / K ^ i V O r t

7/26/96 @1720
7/26/96 ©1720

Description TOG NH, NC^NO, PO 4 Ca-d M g - d Na-d K-dmg/ l mg/ l m g / l m g / l mg/ l m g / l m g / l m g / l

F i l t e f B l a n k — - — — — - — -- 0.04 <0.03 <0.03 <1
H N O Blank
HjSC^BIank <1.5 <0.05 <0.05 <0.02 ----- ----- ----- —— -

•

Descript ion Cd-t Cd-d Cu-t Cu-d Pb-t Pb-d Ag-t A g - dp g / l j j g / l p g / l p g / 1 f g / l ^g/l / i g / l p g / l

Contain* Blank <0.5 —— <0.8 —— <0.8 —— <0.2 — —
FlttacBlank —— <0.5 —— <0.8 —— <0.8 —— <0.2
HNO,Blank <0.5 —— <0.8 — - <0.8 —— <0.2
H 2 S O 4 B l a n k — — — — — — — — — — — — — —

Descript ion Cr-t Cr-d F e - t Fe-d Mn-t Mn-d N l - t N l - d/ * a / < P S / I p g / i p g / t p g / > P S / I p g / l p g / l
Conta lnwBlank <4 ——— <5 ——— <1 — — <10 — —
F B t w B t a n k ——— <4 ——— <6 ——— 1 .0 ——— <10
HNOjBtank <4 ——— <5 ——— <1 ——— <10 — —
H j S O , Blank - — — — — — — — — — — — — - — — — — — —

As-t As-dp g / 1 p g / i

<1 -----
-— <1

<1 .....

A l - t A l - dp g / i p g / i

<40 — -
—— <40
<40

Zn-t Zn-dp g / i p g / i
<4 — -

— - 5.0
<4 — -

N O T E : *-r = T o t a l Recoverable "-d" = Dis so lved
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Quant i f i ca t i on of metal l o a d i n g in French G u l c h ,Summit County, Colorado , using a tracer-injec t ion s tudy,
J u l y 1996
By Briant A. K i m b a l l , Robert L. Runkel, and Linda J. Gerner
Abstract Introduc t i on

Acid mine drainage degrades the water qual-
ity and a f f e c t s the health of aquatic organisms,
including f i s h , in French Gulch , Colorado, a
stream that drains to the Blue and Colorado Rivers.
Metals in the water originate from drainage of
abandoned and inactive mines in the watershed.
Mine drainage enters the stream in a complex pat-
tern. Three tracer injec t ions were used to d e f ine
hydrologic f l o w p a t h s from the mines to the stream
and to d e f ine hydrologic properties of French
Gulch. A l i th ium chloride tracer, added to the Oro
Mine S h a f t of the Wellington-Oro Mine, was
diluted by the mine pool but did not move from the
s ha f t . T h i s showed that there was no hydrologic
connection of the upper mine-shaft water with the
downgradient alluvium or with the stream. A
sodium bromide tracer, added to water in an allu-
vial well located next to the stream, did not cause
any detectable bromide concentration in a down-
gradient alluvial well or in the stream. A sodium
chloride tracer, added to the stream during a period
of 4 days, helped indicate those subreaches of
French Gulch where the majori ty of metal loading
occurs. There is substantial i n f l o w of metals
where the 11-10 and Bullh ide F a u l t s cross the
stream, and where surface drainage, originating
from the Bullhide F a u l t , enters the stream. The
loading analysis indicates that the metals a f f e c t i n g
aquatic l i f e in the stream originate from ground
and surface water that drain from the mine pool ,
except during storm runo f f when additional
sources may contribute metals.

Acid mine drainage degrades the water quality
and a f f e c t s the health of f i s h and other aquatic organ-
isms in French G u l c h , Colorado, a stream that drains to
the Blue and Colorado Rivers (fig. 1). Metal s are
present in water that drains abandoned and inactive
mines in the watershed. T h i s mine drainage enters
French Gulch in a complex pattern. Because French
G u l c h hi s torical ly was dredged for placer gold mining,
the hyporheic zone, the area of alluvium that exchanges
water with the stream, is unnatural. T h i s complex
hydrology has obscured a consistent picture or concep-
tual model of the metal loading to the stream from sur-
face- and ground-water inf lows. E f f e c t i v e remediation
at this site requires an understanding of the diverse
physical and biogeochemical processes that control
spat ial p r o f i l e s of metal concentrations and other acid
constituents. Much of this understanding can come
from a detailed mass-loading p r o f i l e of metals in the
stream. A tracer-injection s tudy was designed in coop-
eration with the Colorado Division of Minerals and
Geology to h e l p with p lan s for remediation by provid-
ing a mass-loading curve and to evaluate the e f f e c t s of
instream geochemical processes.

S p a t i a l variations of pH and toxic metals in
streams a f f e c t e d by acid mine drainage are the result of
the interplay of hydrologic and geochemical processes
(Bencala and M c K n i g h t , 1987; Kimbal l and others,
1994; Broshears and others, 1995). The approach used
in this s tudy consisted of a tracer-injection study and
synoptic sampl ing to provide the basis for mass-bal-
ance calculations that h e l p to interpret these spatial
variations. Tracer-injection methods, combined with
computer simulations, have reproduced mass-loading
curves with s teady-state patterns of observed pH and
metal concentrations in other streams around the West-
ern United Stat e s (Broshears and others, 1993; Kimball
and others, 1994; Broshears and others, 1996).
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Purpose and Scope
The objective of this report is to present a

description of the complex hydrology of the French
Gulch site using the tracer-injection study and the syn-
optic sampling. In particular, the tracer injection allows
for evaluation of the e f f e c t of the hydrology on the f a t e
and transport of the metals in French Gulch.
Description of S t u d y Area and Cond i t i on sat the T i m e of the S t u d y

French Gulch is an alpine stream that originates
above 3,000 m at the continental divide. The main
source of streamwater is snowmelt r u n o f f , and the high-
est f l o w s are during May and June when most runof f
occurs. During snowmelt r u n o f f , f l o w occurs in the
North and South Branches of French Gulch down-
stream from the mine ( f i g . 1). As f l o w decreases during
the summer, much of the f l o w goes below the surface in
some parts of the stream. Because of the large amount
of subsurface f l o w through the dredged cobbles in
French Gulch , water continuously exchanges between
the stream and the subsurface.

Results of the tracer inject ion are particular to the
hydrologic conditions at the time of the injection. At the
time of this study, surface f l o w decreased between sites
Tl and T2, and then almost vanished between sites T2
and T3. In the vicinity of the 11-10 F a u l t , however, the
f l o w greatly increased because of the discharge of
many springs. F l o w continued to increase between
sites T3 and T4. Downstream from site T4, the f l o w
was complex. There were visible i n f l o w s , but also vis-
ible o u t f l o w s where streamwater f l o w e d away from the
stream under cobbles. The stream spl i t about 1,730 m
downstream from the injection point, sending about
half the f l o w to a pond north of the stream and half
down a channel to the west. Water f l owed out of the
pond and was visible on the surface to about 1,920 m,
where it went below the cobbles. S u r f a c e drainage that
l ikely originated at a spring along the Bullhide F a u l t
entered from the right side of the channel at 1,826 m,
downstream from the pond. The other channel from the
sp l i t (at about 1,730 m) was the North Branch of French
Gulch, and visibly f l o w e d all the way to Dead Elk
Pond. The North Branch received in f low at 2,150 m
that likely consisted of the return f l o w from the pond.
Two in f l ows at 2,400 and 2,422 m were from mine
drainage on the north side of the stream. Thi s water
l ike ly originated from drainage of the Bullhide Fault
but may have had additional contributions from tai l ings

piles. F l o w in the S o u t h Branch of French Gulch orig-
inated about 200 m upstream from Dead Elk Pond and
was not visibly connected to the f l o w in the North
Branch.

Methods
Three separate tracer in j e c t i on s were used to

s tudy the complex hydrology of French Gulch. Fir s t , a
s lug injection of lithium chloride (LiCl) into the Oro
S h a f t de f ined the paths of mine water to tiie al luvium
and the stream. Second, a s lug injection of sodium bro-
mide (NaBr) into an al luvial well (MW-9) quanti f i ed
the interaction of the stream with the alluvium. T h i r d ,
a continuous injec t ion of sodium chloride (NaCl) into
the stream quanti f ied hydrologi c parameters, inc lud ing
discharge at each sampl ing site along the stream, resi-
dence time of solutes between sites, and transient stor-
age (Stream S o l u t e Workshop, 1990; Bencala and
others, 1990a, 1990b). The sequence of injec t ions is
l i s ted in table 1.

Tracer S a m p l i n g
S a m p l e s were co l l e c t ed to measure the concen-

trations of injec t ed tracers and to q u a n t i f y the residence
time or "time of travel" in water from wel l s and in the
stream. Residence-time sampl ing was done in two
parts. The f i r s t part included sampling of water from
selected well s in the bedrock and alluvium to quant i fy
the arrival of LiCl or NaBr from slug injections. T h i s
sampling continued for 4 days, mostly at hourly inter-
vals, in six wells. Residence-time samples for the we l l s
were unf i l t ered because of the d i f f i c u l t y of f i l t e r i n g
iron-rich waters in the f i e l d . The samples were f i l t e r ed
in the laboratory prior to analysis by atomic adsorption
spectrophotometry (AA) and ion chromatography (1C).

The second part included sampling at selected
"transport" sites along the stream to quanti fy the arrival
and departure of N a C l . The s e samples established the
hydrologic framework by providing residence time
between sites, discharge at each site, stream cross-sec-
tional area, and other parameters needed for transport
modeling. T h i s sampling continued for 2 days prior to
the synoptic sampl ing and 1 day a f t er the synoptic sam-'
p l i n g to al low time for the al luvial tracer to reach the
stream and to he lp de f ine the hyporheic zone. These
samples were f i l t e r ed on site through 0.45-micrometer"
(|im) membrane f i l t e r s .



T a b l e 1. Sequence of tracer-injection activities and sampl ing in F r e n c h G u l c h , Colorado
Date

7/23/96

7/24/96

7 / 2 5 / 9 6

7/26/96

7/27/96

7/28/96

Time
09:00
09:15
09:38
10:00
09:00
09:00
14:42
17:24
11:12
17:20
08:00
11:21
09:00
08:30
12:00

Activ i ty
Began tracer sampling for we l l s
S l u g inject ion of l i thium chloride into Oro Shaft
S l u g inject ion of sodium bromide into well M\V-9
Flow-me t e r discharge measurements at s e l e c t ed stream sites
Staned sodium chloride injec t ion in the stream (runs into day 5)
Began tracer sampling at six sites
Added sodium chloride to injection pool
A d d e d sodium chloride to in j e c t i on pool
Started spot-tracer in j e c t i ons at six sites
Added sodium chloride to injection pool
Synopt i c sampling of stream sites and i n f l o w s
Added sodium chloride to injection pool
Shut off tracer
Time-of-travel sampling
End of sampling

S y n o p t i c S a m p l i n g
During the NaCI inject ion, water samples from

stream and selected i n f l o w s were collected to develop
mass-loading p r o f i l e s for metals and anions. Both f i l -
tered and unf i l t e r ed samples were collected. Fil t e r ed
sample s were passed through a 0.45-u,m f i l t e r to deter-
mine "operationally def ined" di s so lved metals; includ-
ing cadmium ( C d ) , iron ( F e ) , manganese (Mn), and
zinc (Zn). The use of 0.45-n.m f i l t r a t i o n was to s a t i s f y
regulatory objectives. Fil tra t ion of water using 10-kilo-
Dalton, 0.1-|im, and 0.45-nm membrane f i l t e r s indi-
cated a s igni f i cant d i f f e r e n c e in Fe concentrations
among f i l t r a t e s (B.A. Kimbal l , unpub. data, 1996). The
concentrations of total-recoverable metals were deter-
mined from unf i l t ered samples.
Analyt i ca l Methods

Anions were analyzed in the 0.45-u.m f i l t e r e d ,
unacidi f i ed samples by ion chromatography. These f i l -
tered, unacidi f i ed samples also were analyzed for
sodium (Na) and lithium (Li) by atomic adsorption.
Dissolved and total-recoverable metal concentrations
were determined by inductively coupled plasma-atomic
emission spectrometry (ICP-AES). Fil t er ed samples

were analyzed for ferrous iron (Fell) colorimetrically.
Alka l in i ty , total suspended sol ids , and total organic car-
bon were determined from unf i l t er ed samples.

To present the time series of data from the stream
and we l l s , a smoothed line is p l o t t ed on the f igures . The
smoothed line uses medians to summarize consecutive,
over lapping segments of the sequence, for example, the
f i r s t f i v e data values, then the second through sixth val-
ues, and so on (Vel l eman and H o a g l i n , 1981).

Q U A N T I F I C A T I O N O F M E T A L
L O A D I N G

Results of chemical determinations for tracer
concentrations in water from wel l s and stream sites are
listed in appendice s 1 and 2. S i t e descriptions and
physical propert ie s of water from the synoptic sampl ing
sites are listed in appendix 3. Results of chemical con-
centrations in water from the synoptic sampling sites
are presented in appendix 4 for major ions and in
appendix 5 for f i l t e r ed and total metals. Data are sorted
in downstream order within groups of mainstem and
inf l ow sites to emphasize the downstream changes.



Tracer I n j e c t i o n s in the W e l l s
S l u g I n j e c t i o n of LiCI in the Oro Mine Shaft

Three kg of LiCI were mixed into 5 L of deion-
ized water and added to the Oro Mine Shaft through 20
m of plas t ic tubing. A f t e r an initial peak and subse-
quent decline, the concentration of Li remained above
the preinject ion level for several weeks (fig. 2a). Water
from a mine-shaft relief well , MSRW-3, was sampled to
detect Li and Cl from the slug injection. No Li was
detected in water from well M S R W - 3 , nor was there a
variation in Cl concentration in water from the mine
well, MSRW-3 (fig. 2b); or in the alluvial well, MW-3
(fig. 2c).

The initial decrease of Li in the Oro Mine Shaft
can best be interpreted as the dilution of Li as it mixed
into the mine pool. A f t e r mixing, however, there was
not a continual decrease of Li, as might be expected if
water from the mine pool was moving to the bedrock
and the downgradient alluvium. Lithium was not
detected in water from MSRW-3 or in any of the stream
samples. Thus, the most l ikely explanation of the trend
in Cl concentration is that the mine pool, at least the top
of the mine pool in this sha f t , was isolated from the
ground-water system that supp l i e s metal-rich water to
the bedrock and the alluvium. Thi s information is
important to help refine the conceptual model of the
hydrologic system of the mine, even without an indica-
tion of a pathway from the mine pool to the stream. The
information indicates that the mine drainage a f f e c t i n g
the stream is from lower levels of the mine.
S l u g injec t ion of NaBr in W e l l MW-9

One kg of NaBr was mixed into 3 L of deionized
water and poured inside the casing of well MW-9 at
09:38 on July 23. The concentration of Br in the well
water increased with the slug injection, and then
decreased to preinject ion levels within 24 hours (fig. 3).
Despite the high concentration of Br in water from well
MW-9, Br could not be detected in water from the
downgradient alluvial well, MW-3, or in water from the
stream at any of the sampling sites.

There are three possible reasons why Br was not
detected in water from the downgradient alluvial well
or in the stream: (1) the downgradient alluvial well may
not have been located along a potential f l o w p a t h for the
Br traveling in the alluvial aquifer, (2) the Br could
have been diluted below detection limits by dispersion
before it arrived at either the well or the stream, or (3),
for both the well and the stream, the travel time of Br to

the downgradient wel l s could have been greater than
the time allot ted for sampling. Addi t ional samples col-
lected during the f o l l o w i n g months did not indicate Br
in water from either the well or the stream. The most
likely explanation is that water from well MW-9 did not
f l o w to well MW-3.
Tracer I n j e c t i o n in the Stream

The tracer injec t ion for the stream was prepared
by adding 400 kg of N a C l to 440 L of streamwater in a
3-m diameter wading pool. T h i s tracer was to be
pumped into the stream at a rate that would maintain a
constant Cl concentration of a few mg/L. A f t e r mixing
the solution, however, the pool leaked. Because of this
leak, some of the N a C l solution reached the stream
before the intended injection began and resulted in Cl
concentrations s l i g h t l y greater than normal background
values (fig. 4). Additional NaCl had to be added to the
pool p er i od i ca l ly during the 4-day injection to compen-
sate for the loss and to avoid a premature end of the
injection. These unplanned additions resulted in
greater variability in the Cl p r o f i l e of the stream than
otherwise would have been observed (fig. 4). Chloride
concentrations at stream sites are lis ted in appendix 2.

The tracer injection was divided into three peri-
ods (fig. 4). The f ir s t period was the arrival of the
tracer. The second period was a plateau where the Cl
concentration should have been at a constant plateau
value, which depended on the discharge, at any point
downstream. This allows accurate calculation of dis-
charge at any given site along the stream for the synop-
tic samples. Because of the periodic additions of salt to
the pool, there was substantial variation in tracer con-
centration during the plateau period in French Gulch.
By sampling the salt solution being pumped to the
stream and monitoring the pump rate, the mass balance
of salt and the discharge in the stream could still be
determined. The third period includes the departure of
the tracer at the downstream sites a f t er the injection was
s topped.
Time of Travel

Informat ion from the arrival and departure peri-
ods can be used to calculate the travel time between
sites (fig. 4). Despite the complications caused by the
leaky pool*, the arrival times of the tracer at the down-
stream sites were not a f f e c t e d . The injection began at
09:00 hours on July 24 and continued until 09:00 on
July 27. The time of arrival at a site is de f ined as the ~
time at which the instream-tracer concentration reaches
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half of the plateau concentration (Zellweger and others,
1988). Plateau concentrations, ' / z plateau concentra-
tions (C50), arrival times (T 5 0 ), travel time between
sites, and cumulative travel time downstream are l i s ted
in table 2.

The chronology of the tracer concentration at
each site can be normalized to allow comparisons of the
hydrologic properties between sites (fig. 5). Normal-
ization of transport time was relative to the arrival times
in table 2. Normalizat ion of concentration was relative
to maximum and background tracer concentrations at
each site (see Bencala and others, 1990b). Comparison
of the sites indicates a s igni f i cant d i f f e r enc e in arrival
of tracer at sites T2 and T4. T h i s d i f f e r e n c e was caused
by the leaky pool and indicate s that the Cl entering the
stream from the leaking pool entered the hyporheic
zone and generally bypassed site T2. Str eamf l ow
almost disappeared between sites T2 and T3 and then
rejoined the stream ju s t upstream from site T3. Several
in f l ow s had Cl concentrations subs tantial ly higher than
instream concentrations, all on the right bank between
sites T2 and T4. The higher concentrations l ikely were
caused by the return of streamwater that had entered the
hyporheic zone upstream from site T2.

E f f e c t s of solute storage in the hyporheic zone
were much more pronounced at the end of the inject ion
period than at the beginning. A f t e r 3 days of tracer
injec t ion, the bleeding of solutes from transient storage
was more pronounced at each downstream site. The
e f f e c t of the hyporheic zone varied f r om almost no
e f f e c t at site T2, which had a rapid return to baseline
concentrations, to a pronounced e f f e c t at site T6, which
had about 40 percent of the maximum tracer concentra-
tion s t i l l present 24 hours a f t er s t opp ing the injec t ion.
In a stream where mining operations have dredged
almost the entire reach, the s treamflow is complex, and
these tracer pat t erns indicate a clear e f f e c t on solute
storage.
Discharge P r o f i l e of the Stream

An evaluation of mass loading along French
Gulch requires an accurate discharge measurement at
each sampl ing site. Two characteristics of the stream-
f l o w in French Gulch made the calculation of discharge
d i f f i c u l t . Fir s t , tracer-dilution methods can quanti fy
gains, but not losses of discharge. Once a tracer has
mixed into the stream water, the loss of water does not
change the concentration of tracer in the remaining



T a b l e 2. Instream chloride concentration and travel time at sites downstream f r o m the tracer injec t ion, July 24-27,1996,French Gul ch , Colorado
[m. meters; mg/L, milligrams per liter Cx, half plateau concentration; T5D. arrival time for the Cyj concentration:
<, less than]

S i t e — Distance Preinjection Plateau
downstream concentrator "~":?T:t-at!on

( m g / L ) ( m g / L )

T l — O m
T2— 516m
T3— 799m
T4— 1,161 m
T5— 1,651 m
T6— 2 .536 m

0.09
.08
.76
.84
.86
.63

1.30
1.67
1.21
1.48
1.58
1.08

C$0
( m g / L )

0.7
.87
.99

1.16
1.22
.86

T S Q Time Cumulative
(hours) between time

sites iiiiiuiues)(minutes)
09:01
09:23
10:59
11:38
12:10
14:00

<2
23
96
39
32

110

<2
23

119
158
190
300

water. For example, between 84 m and 631 m, almost
all of the surface f l o w in French Gulch disappeared into
the a l luv ium, but there was no s igni f i cant change in the
Cl concentration (fig. 6). By contrast, downstream from
631 m, a large i n f l o w of water caused the instream Cl
concentration to decrease from 3.3 to 0.4 mg/L between
631 m and 744 m. The second characteristic was that
the Cl concentrations of i n f l o w s between 744 m and
799 m exceeded the instream concentrations. T h i s
caused a sharp increase of Cl concentration from 744 to
799 m, and a gradual increase to 1,161 m. Thes e f l o w
characteristics in French Gulch required the use of an
independent measure of discharge to prepare a dis-
charge p r o f i l e of the stream.
S p o t I n j e c t i o n for Discharge at Selec t ed Sites

To account for these two characteristics of
s t r eamf low in French G u l c h , spot in j e c t i on s of N a C l
tracer were used to obtain instantaneous discharge mea-
surements at sites T2 through T6. S p o t injec t ions
required the addi t ion of enough tracer to raise the Cl
concentration above any Cl from upstream injec t ions
(fig. 7). The stream was then sampled for about an hour
at a well-mixed point downstream from the spot injec-
tion. These injections proved to be the solution to cal-
culating discharge in certain subreaches of the stream.

By knowing the concentration of the injec ta te and the
rate of injec t ion, the discharge at the site can be calcu-
lated from the change in concentration measured down-
stream from the injection.

At site Tl, mixing of the tracer into the stream
was poor and caused a large overcalculation of dis-
charge (fig. 8). The spot inject ions were comparable to
discharge measurements made with a f l o w meter at
sites T2 and T3. At sites T4 and T6, the calculated dis-
charge from the tracer i n j e c t i o n is about 30 percent
greater than the discharge measured with a f l o w meter
( K i m b a l l , 1997). T h i s result is expected in mountain
streams with cobble bottoms where a large percentage
of the s treamflow can be among the cobbles of the stre-
ambed where it cannot be measured by a f l o w meter. At
site T5, the spot-injec t ion calculation indicated less dis-
charge than the f l ow-met er measurement. V i s i b l e
losses and gains of f l o w occurred all along the stream
between sites T4 and T6, so the discharge could have
been smaller, but the reason why the flow-meter mea-
surement exceeded the s p o t - i n j e c t i o n calculation is
unknown.

Despite the d i f f e r e n c e in discharge measure-
ments at site T5, most of the lost s treamflow appeared
to have returned to the stream channel upstream from
site T6. Some of the f l o w could move to the South
Branch of French Gulch and appear at site FG-46, but



1.0

0.8
QUlNI ]iDCO

O
CC
ZUJooo

0.4

0.2

0 -

Arrival time 0°
, T 2

oT4
A T 6

o£o

oOA
' A

f
O

O
O
o
o
o

V oo

1-1 1 2 3
T R A N S P O R T T I M E , N O R M A L I Z E D

F i g u r e 5. N o r m a l i z e d tracer concentration versus normalized transport time at sites T2, T4, and T6 tor the injec t ion
period, French Gulch, Colorado.

most of the f l o w was in the North Branch so that loads
could be compared between sites T4 and T6.

By knowing discharge at each of the spot-injec-
tion sites, discharge could be calculated for intermedi-
ate sites in gaining reaches of French Gulch. Although
the reach from sites T2 to T3 had a net gain in f l o w , the
f l o w nearly disappeared below the surface before much
of it was regained from large springs upstream from site
T3. T h i s pattern made it impossible to calculate dis-
charge at intermediate sites between T2 and T3. Inter-
mediate discharge was calculated for sampling sites
between T3 and T4 by using the spot-inject ion dis-
charge at site T3 as the f ir s t upstream discharge and cal-
culating the next downstream discharge with the
equation:

( 1 )
d~ (c.-c,)

where Qd is the downstream discharge,
Qu is the upstream discharge,
Cu and Cd are the upstream and downstream tracer

concentrations, and
C, is the i n f l o w concentration.
Thus, the discharge p r o f i l e was well de f ined at inter-
mediate points between sites T3 and T4, which
includes a critical reach of f a u l t seepage (fig. 9). There
also were reliable discharge measurements for sites T2
and T6. Between sites T4 and T6, there was a small,
net increase in discharge. F l o w along that reach was
complex; for calculat ing mass-balance, this small

10
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m, these concentrations were diluted by the i n f l o w of
the South Branch of French Gulch.

There was a large range of metal concentration
among the sampled inf lows . The i n f l o w at 1,701 m had
the highest concentration of Cd, Mn, and Zn, f o l l o w e d
by the in f l ow at 2,400 m. Both these in f l ow s were a
long distance downstream from the 11-10 and Bul lh id e
Faul t s . I n f l o w s with high concentrations of metals also
occurred in the area between the 11-10 and Bul lh id e
F a u l t s at 840 m, 812 m, 814 m, and 857 m. These
metal-rich in f l ow s occurred on both sides of the stream.
Downstream P r o f i l e s of S u l f a t e and Metal s

Mine-related SO4 and metals have similar down-
stream concentration p r o f i l e s ( f i g s . 10 and 11). The s e
p r o f i l e s are controlled by the geology and hydrology of
French Gulch.

The concentration of SO4 in French Gulch
ranged from 10.6 mg/L upstream from the mine-
a f f e c t e d area to 62 mg/L downstream from the mine-
a f f e c t e d area. The range of SO4 concentration among
i n f l o w s was even greater, from 10.8 to 453 mg/L.

Instream SO4 concentrations substantially increased in
three reaches along the stream ( f i g . 10). The first
increase occurred between 631 and 881 m, where the
concentration increased to almost 21 mg/L. T h i s was in
the vicinity of the 11-10 F a u l t ( f i g . 1) and was l ike ly
related to mine drainage from the Wellington-Oro Mine
along the f a u l t . The second increase occurred between
2,080 m and 2,200 m, where the concentration
increased to about 45 mg/L. T h i s is where the North
Branch gained a substantial i n f l o w of metal- and sul-
fate-rich water that entered the side channel at 1,826 m.
F i n a l l y , the third increase occurred between 2,388 m
and 2,536 m (T6), where the concentration increased to
62 mg/L.

Each of the mine-related metals had concentra-
tion p r o f i l e s similar to that of SO4 ( f i g . 11). The f i l t ered
Fe concentration ranged from less than 1 ng/L
upstream from the mine-af fec ted area, to 53 ng/L at T6
(2,536 m) downstream from the mine-drainage i n f l o w s
(fig. l l a ) . Iron was the most variable of the metals
because it precipi tate s more readily than most metals.
The concentration of f i l t e r e d Cd was low, ranging from

12
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G u l c h , Colorado.

less than de tec t ion to 13 ng/L, but indicated a very clear
increase with distance downstream (fig. lib). Unlike
the other solutes, the increase of f i l t e r ed Cd was not as
great between 2,150 and 2,220 m. The concentration of
Cd in the in f l ows between 819 and 840 m was greater
than in the in f l ows at 1,701 and 2,200 m. The f i l t e r ed
concentration of Mn and Zn ( f i g s , lie and d) increased
at the same in f l ow locations. The concentration of Mn
and Zn was substantially greater than that of Fe and Cd.
The concentration of Mn ranged from near 1 ng/L
upstream of the mining i n f l o w s to about 1,000 |J.g/L at
site T6 (2,536 m). The concentration of f i l t ered Zn
ranged from about 10 ng/L upstream of mine-drainage
in f l ow s to about 5,000 ng/L at site T6. The Zn that
enters the stream could be a cause of f i s h toxicity in
French Gulch.
Mass-Loading P r o f i l e s

The concentration p r o f i l e s compiled from spa-
t i a l l y intensive sampl ing of stream sites and i n f l o w s can
be converted into mass-loading pro f i l e s . Because

mass-loading p r o f i l e s take discharge into account, they
are more use ful than concentration p r o f i l e s to indicate
those reaches of the stream most a f f e c t e d by mine
drainage and to evaluate the relative importance of the
i n f l o w s (fig. 12). Each of the increases in solutes can
be quantified as a percentage of the load at the site far-
thest downstream, site T6. I n f l o w s between 516m (T2)
and 799 m (T3) accounted for 19 percent of the SO4load (fig. 12a). The concentration of 804 in these
i n f l o w s was low, indicat ing that the in f l ow s were not
a f f e c t e d by mine drainage. The SO4-rich i n f l o w s
between 799 (T3) and 1,161m (T4) l ik e ly are related to
the 11-10 and Bul lh ide F a u l t s , and accounted for 16
percent of the load. The remaining 65 percent of the
load entered the last, broad subreach from 1,161 (T4) to
2,536 m (T6). The largest increases in load l ikely
occurred at 2,150 m and 2,220 m, where the stream
gained SO4 from surface drainage of the Bullhide F a u l t .
These f i n a l in f l ows to the North Branch are the most
significant for adding SO4.

13
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A d i f f e r e n t pattern of mass l o a d i n g occurred for
Cd (fig. 12b). E s s e n t i a l l y none of the Cd load was
added upstream from 799 m (T3). Between 799 m and
1,161 m (T4), however, 66 percent of the downstream
load was added, indicating the importance of the 11-10
and B u l l h i d e F a u l t s . T h i r t y - f o u r percent of the load
entered between 1,161 m and 2,536 m (T6). T h i s load-
ing could be p r o p o r t i o n a l l y smal l er than the l o a d i n g for
Mn and Zn because Cd could have been sorbed onto the
abundant Fe oxides that line the bottoms of stream
channels where water f l o w s from the B u l l h i d e F a u l t to
i n f l o w s at 1,826, 2,400, and 2,422 m.

The mass loadings of Mn and Zn were similar to
SO 4 ( f i g s . 12c and 12d). The f i r s t s i gn i f i can t i n f l o w
between 799 m (T3) and 1,161 m (T4) accounted for 26
percent of the Mn load and about 32 percent of the Zn
load. The remainder of the Mn and Zn loads entered the
North Branch with the i n f l o w s at 2,150 and 2,400 m,
which drain f l o w from the Bullhide F a u l t .

Between 799 m (T3) and 1,161 m (T4), the indi-
vidual i n f l o w s have d i f f e r e n t e f f e c t s on the mass load-
ing in each subreach of the stream (fig. 13). For
example , the i n f l o w s in the f i r s t two subreaches, from

799 to 825 m and from 825 to 881 m, caused the
instream Zn concentration to increase from 48 }ig/L to
368 ng/L and then to 700 j i g / L . However, from 881 to
981 m no vis ible surface i n f l o w s occurred and yet the
concentration of Zn more than doubled to 1,570 Hg/L.
The l i k e l y cause of th i s large increase was discharge
from the B u l l h i d e F a u l t , which crosses the stream in
that subreach. In the next two subreaches, from 981 to
1,087 m and then from 1,087 m to 1,161 m, again no
visible surface i n f l o w s occurred and the Zn concentra-
tion did not increase. S u l f a t e , Cd, and Mn concentra-
tions all increased in th i s same d e t a i l e d pat t ern,
i n d i c a t i n g that discharge from the B u l l h i d e Fault con-
tributes s u b s t a n t i a l l y to the instream loads.
I n s t r e a m Processes A f f e c t i n g Metal Trans-port

The d i f f e r e n c e between the total recoverable and
dissolved concentrations of Fe (fig. 14) indicated that
most of the Fe transport was by Fe-rich c o l l o i d a l parti-
cles. The concentration of these c o l l o i d s in the stream
is the d i f f e r e n c e between the two concentrations. Col-
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l o i d s have been shown to have a role in the metal trans-
port of other Rocky Mountain streams a f f e c t e d by mine
drainage ( K i m b a l l and others, 1992; K i m b a l l and oth-
ers, 1995; Broshears and others, 1996). Iron c o l l o i d s
are not toxic unless other metals are sorbed to them.
Very l i t t l e of the Zn was transported by the Fe co l lo id s
(fig. 14b), but other metals like Cd and Cu generally are
associated with Fe c o l l o id s ( K i m b a l l and others, 1992,
table 3). These data indicate that c o l l o i d a l transport can
i n f l u e n c e the occurrence and distribution of metals
downstream from the mine drainage.

Summary
Acid mine drainage degrades the water qual i ty

and a f f e c t s the health of f i s h and other aquatic organ-
isms in French Gul ch , Colorado, a stream that drains to
the Blue and Colorado Rivers. Metal s are present in
water that drains abandoned and inactive mines in the
watershed. M e t a l s in the water of French Gulch , Colo-
rado, originate f rom mine drainage in the watershed

and enter the stream in a c o m p l e x pattern. Among the
metal s that were f o u n d in the water, Zn was l i k e l y the
most s i g n i f i c a n t as a cause of tox ic i ty. A L i C l tracer
injec t ion into the Oro Mine S h a f t of the Well ington-Oro
Mine did not indicate f l o w p a t h s from the upper levels
of the mine to the a l luvium and the stream. The persis-
tence of the LiCl tracer in the u p p e r part of the Oro
Mine Shaft indicated that there was l i t t l e hydrologi c
connection with the ground water d i s charg ing into the
a l l u v i u m and a f f e c t i n g the stream. A NaBr i n j e c t i o n
into an al luvia l well was attenuated by ground-water
f l o w in the al luvium, but Br was not detected in water
from the downgradient a l luv ia l well or in the stream.
When a N a C l tracer i n j e c t i o n and synopt i c s a m p l i n g
were used, the downstream p r o f i l e of metal concentra-
tions and mass l o a d i n g indi ca t e s those subreaches of
French G u l c h .where most of the metal loading
occurred. There was substantial in f l ow of metals where
the B u l l h i d e F a u l t crosses the stream. Most of metal
load entered F r e n c h G u l c h downstream from the f a u l t
at po int s where, by inference , surface drainage, origi-
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Figure 12. Mass- loading p r o f i l e s for (a) s u l f a t e , (b) cadmium, (c) manganese, and (d) zinc downstream from injec-
tion site, French Gulch , Colorado.
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F i g u r e 13. Diagram showing e f f e c t s of i n f l o w s on zinc concentration between sites T3and T4, F r e n c h G u l c h , Colorado.
F i g u r e 13. E f f e c t s of i n f l o w s on zinc concentration between sites T3 and T4, F r e n c h G u l c h , Colorado .

nating from the B u l l h i d e F a u l t , entered the N o r t h
Branch. The largest l o a d i n g came from springs that are
a f f e c t e d by drainage from the Wel l ing ton-Oro Mine on
the north side of French Gul ch . Some of the metal
transport was by c o l l o i d a l Fe oxides, but the extent of
that transport needs to be d e f i n e d in fur ther s tudies .
The l o a d i n g p r o f i l e s indicated the importance of the
geologic structure on instream metal concentrations
and that the stream was mos t ly a f f e c t e d by mine-pool
drainage and i n f l o w s of metals where f a u l t s cross the
stream.
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A p p e n d i x 1. Concentration of c h l o r i d e in water f r o m selected w e l l s a long F r e n c h G u l c h , C o l o r a d o , July 24-28,1996
[Concentration in mi l l igrams per l i t er , <. less than]
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A p p e n d i x 1. Concentration of ch l or id e in water f r o m selected we l l s along French G u l c h , C o l o r a d o , July 24-28,1996-Oontinued
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A p p e n d i x 2. Concentration of c h l o r i d e and su l la t e at selected sites in French G u l c h , C o l o r a d o , July 24-28,1996
[Concentrations ait in mill igrams per l i t er , n.v.. no value obtained for sampl e)
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7/27/96 15:45
7/28/96 9:47
7/28/96 15:33
7/24/96 8:55
7/24/96 9:00
7/24/96 9:01
7/24/96 9:02
7/24/96 9:03
7/24/96 9:04
7/24/96 9:05
7/24/96 9:06
7/24/96 9:07
7/24/96 9:08
7/24/96 9:08
7/24/96 9:09
7/24/96 9:10
7/24/96 9:11
7/24/96 9:12
7/24/96 9:13
7/24/96 9:14
7/24/96 9:17
7/24/96 9:21
7/24/96 9:23
7/24/96 9:27
7/24/96 9:30
7/24/96 9:30

1.26
.08
.08
.09
.09
.0*
.09
.11
.09
.10
.17
.09
.09
.09
.12
.10
.08
.12
.09
.10
.09
.08
.13
.10
.15
.10
.14
.13
.13
.12
.02

1.41
1.21
1.39

.99
1.30
1.52
1.09
1.30

.10
1.38
1.21
1.25
1.29
1.08
1.03
1.34
1.39
1.28
1.10

.99
1.00

S u l f a t e
9.6
9.5
9.6
9.7
9.5
9.5
9.6
9.7
9.7
9.6
9.8
9.7

10.1
9.7
9.8
9.6
9.7
9.8
9.7
9.7
9.8
9.7

10.3
9.9

10.1
9.7

11.2
11.2
11.3
9.1
9.1
9.1
9.1
9.0
8.5
9.1
9.1
8.5
9.1

11.1
9.1
9.1
8.4
9.1
8.5
8.5
9.7
9.1
9.0
8.5
8.5
8.5

S i t e
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1

T i m e C h l o r i d e
7/24/96 9:35
7/24/96 9:40
7/24/96 9:50
7/24/96 9:55
7/24/96 10:00
7/24/96 10:15 -
7/24/96 10:45
7/24/96 11:00
7/24/96 11:15
7/24/96 11:45
7/24/96 12:00
7/24/96 13:25
7/24/96 15:34
7/24/96 18:10
7 / 2 5 / 9 6 0:04
7 / 2 5 / 9 6 1:31
7 / 2 5 / 9 6 2:12
7 / 2 5 / 9 6 9:44
7 / 2 5 / 9 6 15:21
7 / 2 5 / 9 6 16:29
7/26/96 4:55
7 / 2 6 / 9 6 5:48
7 / 2 6 / 9 6 9:42
7/26/96 11:32
7 / 2 6 / 9 6 14:29
7 / 2 7 / 9 6 8:12
7/27/96 8:57
7/27/96 8:58
7/27/96 9:00
7 / 2 7 / 9 6 9:02
7/27/96 9:03
7/27/96 9:04
7/27/96 9:05
7/27/96 9:06
7/27/96 9:07
7/27/96 9:09
7/27/96 9:10
7 / 2 7 / 9 6 9:11
7/27/96 9:12
7/27/96 9:13
7/27/96 9:14
7/27/96 9:15
7 / 2 7 / 9 6 9:16
7/27/96 9:18
7/27/96 9:20
7 / 2 7 / 9 6 9:22
7/27/96 9:25
7/27/96 9:30
7/27/96 9:35
7/27/96 9:40
7/27/96 9:50
7/27/96 10:00

1.46
1.03

.91
1.14
1.02

T-»

1.30
1.61
1.03
1.12
1.29

.68
1.41
1.16

.69

.81

.84

.96

.91
1.11
2.79
1.98
2.22
1.70

.92
2.44
3.04
2.69
2.47

.13

.12

.10

.10

.10

.10

.10

.10

.10

.10

.14

.12

.12
.11
.11
.16
.11
.10
.10
.20
.10
.10
.13

S u i f a t e
9.0
9.1
9.1
9.0
9.6
B.5
9.0
8.4
8.5
8.4
9.1
9.1
8.5
9.1
8.6
9.1
9.7

11.1
11.0
11.0
11.1
11.1
11.2
11.0
9.6

11.2
11.3
11.1
11.2
11.1
11.1
11.1
11.1
11.1
11.1
11.0
11.2
11.1
11.1
11.2
11.2
11.2
11.1
11.1
11.2
11.1
11.1
1i:i
11.2
11.1
11.1
11.2
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A p p e n d i x 2. Concentration of ch lor ide and s u l f a t e at selected sites in F r e n c h G u l c h , C o l o r a d o , July 2 4 - 2 8 , 1 9 9 6 — C o n t i n u e d

Site
T 1
T 1
T 1
T 1
T 1
T 1
T T
T 1
T 1
T 1
T 2
T2
T2
T2
T2
T 2
T2
T 2
T 2
T2
T 2
T2
T 2
T2
T 2
T 2
T2
T2
T 2
T 2
T2
T 2
T 2
T 2
T2
T 2
T2
T2
T2
T2
T2
T 2
T2
T2
T 2
T2
T 2
T2
T2
T 2
T2
T2
T 2
T2

Time
7/27/96 10:20
7/27/96 10:40
7/27/96 11:00
7/27/96 11:30
7/27/96 12:00
7/27/96 15:47

/ / £ » l > J » J w «..•«?

7/28/96 15:33
7/28/96 15:53
8 / 9 / 9 6 14:10
7/24/96 9:00
7/24/96 9:17
7/24/96 9:25
7/24/96 9:35
7/24/96 9:36
7/24/96 10:00
7/24/96 10:40
7/24/96 11:00
7/24/96 11:30
7/24/96 14:51
7/24/96 15:40
7/24/96 18:15
7/24/96 21:32
7/24/96 22:12
7 / 2 5 / 9 6 0:11
7 / 2 5 / 9 6 2:17
7/25/96 6:04
7 / 2 5 / 9 6 10:00
7/25/96 13:44
7/25/96 14:40
7/25/96 15:32
7 / 2 5 / 9 6 15:37
7/25/96 16:06
7/25/96 16:39
7 / 2 5 / 9 6 17:26
7/25/96 17:32
7/25/96 17:33
7 / 2 5 / 9 6 17:34
7 / 2 5 / 9 6 17:35
7/25/96 17:36
7/25/96 17:38
7/25/96 17:39
7/25/96 17:40
7 / 2 5 / 9 6 17:42
7/25/96 17:44
7/25/96 17:48
7/25/96 17:50
7 / 2 5 / 9 6 17:52
7/25/96 17:54
7/25/96 17:56
7 / 2 5 / 9 6 17:58
7/25/96 18:00
7/25/96 18:00
7 / 2 5 / 9 6 18:02

C h l o r i d e
.11
.14
.10
.09
.11n.v.
.13
.14
.14
.13
.07
.05

1.12
1.58
1.57
1.69
1.60
1.77
1.50
2.03
225
2.35
2.34
2.40
2.32
2.31
2.06
2.38
2.41
2.24
2.37

10.18
11.15
2.41

10.46
2.66
2.87
2.98
3.07
3.45

10.57
10.10
10.42
10.16
10.26
11.28
1126
10.80

9.95
10.07
10.11
10.09

2.85
10.07

S u l f a t e
112
112
11.1
11.2
11.1
112
U2
11.3
11.3
12.1

8.5
8.1
8.5
8.5
8.4
8.5
9.0
8.4
7.9
8.7

10.4
9.8
8.6
8.6
9.8
8.6

10.9
10.5
11.8
10.9

8.6
11.2
11.1
9.7
9.6

11.1
9.6

11.0
11.1
11.2
11.1
11.2
11.1
11.1
11.1
11.0
11.0
9.6

11.1
11.1
11.1
11.1
9.6

11.1

S i t e
T2
T2
T2
T2
T 2
T 2
T2
T 2
T 2
T2
T2
T 2
T 2
T2
T2
T 2
T2
T 2
T 2
T 2
T 2
T2
T2
T2
T 2
T2
T 2
T 2
T2
T 2
T 2
T 2
T 2
T 2
T 2
T 2
T2
T2
T 2
T 2
T 2
T 2
T3
T 3
T3
T 3
T3
T3
T3
T3
T3
T 3
T3
T3

T i m e
7/25/96 18:04
7/25/96 18:08
7/25/96 18:10
7 / 2 5 / 9 6 18:15
7 / 2 6 / 9 6 4:52
7/26/96 6:01
7 / 2 6 / 9 6 9:51 _
7 / 2 6 / 9 6 9:5ti
7/26/96 11:42
7/26/96 14:22
7/27/96 9:00
7/27/96 9:05
7/27/96 9:07
7/27/96 9:09
7/27/96 .9:11
7/27/96 9.:13
7/27/96 9:15
7/27/96 9:17
7 / 2 7 / 9 6 9:19
7/27/96 S:21
7/27/96 923
7 / 2 7 / 9 6 9:25
7/27/96 927
7/27/96 9:29
7/27/96 9:31
7/27/96 9:35
7/27/96 9:40
7/27/96 9:45
7/27/96 9:50
7/27/96 10:00
7/27/96 10:10
7/27/96 10:20
7/27/96 10:30
7/27/96 10:40
7/27/96 10:50
7/27/96 11:00
7/27/96 11:30
7/27/96 12:00
7/27/96 15:50
7/28/96 9:57
7 / 2 8 / 9 6 15:27
8/9/96 14:00
7/22/96 9:00
7/22/96 9:05
7 / 2 3 / 9 6 10:35
7/23/96 10:35
7/23/96 11:22
7/23/96 12:54
7/23/96 13:50
7/23/96 14:52
7/23/96 15:54
7/23/96 17:03
7/23/96 18:36
7/23/96 19:36

C h l o r i d e
10.62
3.00
2.82
2.90
3.36
3.39
2.74
0.65
2.64
2.97
3.65
3.56
3.64
3.46
3.35
3.79
3.44
3.44
3.35
3.47
2.97
2.41
1.96
1.29
1.09

.85

.74

.68

.60

.57

.56

.54
.48 -
.50
.43
.45
.45
.40
.30
.16
.12
.14
.76
.84
.52
.46
.40
.44
.58
.58
.64
.61
.66
.73

S u l f a t e
11.0
9.6

11.1
11.1
9.8
9.8

11.1
10.7
10.5

9.8
9.8

11.0
11.0
11.0
112
10.7
11.0
11.1
11.9
9.9

11.0
12.1
11.9
12.0
9.8

10.6
10.6
9.8

11.5
12.0

9.8
10.7
11.4
9.9

11.4
12.0

9.9
11.4
11.3
9.8
9.8

12.0
11.1

•11.0
15.2
12.8
13.7
14.1
13.7
14.2
12.9
13.9
14.0
11.1

24



A p p e n d * 2. Concen^on o, ch«de and sU«a,e a, seized S«es in Frenc , Gu,=h, Co,orado, J* 24-28,

S i t e T i m e C h l o r i d e S u l f a t e T i m e C h l o r i d e S u l f a t e

T3
T3
T3
T3
T 3
T3

i ^
T3
T3
T 3
T3
T3
T3
T 3
T3
T3
T 3
T 3
T 3
T3
T3
T3
T 3
T 3
T3
T3
T 3
T3
T 3
T3
T 3
T 3
T3
T 3
T 3
T3
T3
T3
T 3
T 3
T3
T 3
T3
T3
T 3
T3
T3
T 3
T3
T3
T3
T 3
T 3
T3

7/23/96 20:36
7/23/96 21:36
7/23/96 22:36
7/23/96 23:36
7/24/96 0:36
7/24/96 1:36
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7 / 2 4 / 9 6
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96

2:36
3:36
4:36
5:36
6:36
7:36
8:36
9:10
9:15
9:20
9:25
9:30
9:35
9:36
9:40
9:45
9:50
9:55

10:00
10:05
10:10
10:15
10:20
10:30
10:35
10:36
10:40
10:45
10:50
10:55
11:00
11:15
11:30
11:45
12:00
12:20
12:40
13:00
13:20
13:40
14:00
14:30
15:00
15:30
16:00
18:39
19:39
20:37

.69

.70

.73

.75

.77

.76an.OVJ
7C. / o
.82
.78
.77
.79
on. -OU
.83
.74
.76
.76
.76
.80
.75
.79
.82
.81.84
.84
.85
.80
.86
.90
.90
.96
.95
.92
.96
.96

1.00
.93

1.04
1.13
1.08
1.09
1.13
1.15
1.16
1.18
1.20
1.22
1.24
1.18
1.21
1.21
1.34
1.28
1.25

14.0
13.9
14.0
13.1
13.6
13.9
4 o Q1O.O
14.0
14.0
14.1
13.8
13.8•10. o1O.7
11.2
13.8
13.8
14.1
10.9
11.1
14.0
11.1
13.8
1 ° ! QI O.?
14.0
13.9
13.8
13.9
14.0
14.0
11.1
13.9
13.0
14.0
11.0
14.0
14.2
11.0
14.0
11.0
11.4
14.2
14.1
11.0
14.0
11.3
11.1
14.0
11.3
11.1
11.0
11.1
13.6
13.6
13.6

T 3
T 3
T3
T3
T3
T 3
TO
TO,1 w
T 3
T3
T3
T3
TO,i w
T3
T3
T3
T3
T3
TO1 tj
T 3
T3
T3
TO1 w
T3
T3
T3
T3
T3
T 3
T3
T3
T 3
T3
T**1 O
T 3
T 3
TOt «J
T3
TO1 O
T3
T3
T3
TO1 «J
T 3
T3
TOI O
T 3
T3
T 3
T3
T3
T 3
T3
T3

7/24/96 21:39
7/24/96 22:39
7/24/96 23:39
7 / 2 5 / 9 6 1:39
7 / 2 5 / 9 6 2:39
7 / 2 5 / 9 6 3:39
7 / 2 5 / 9 6 4:39
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7/25/96
7/25/96
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7/25/96
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7/25/96
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7/25/96
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7/25/96
7 / 2 5 / 9 6
7/25/96
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 6 / 9 6
7 / 2 6 / 9 6

5:39
6:39
7:39
8:39
8:39

10:00
11:00
12:00
13:00
14:00
14:51
14:56
15:00
16:00
16:09
16:10
16:1116:12
16:13
16:14
16:16
16:18
16:20
16:22
16:22
16:24
16:24
16:30
16:30
16:30
16:30
16:30
16:34
16:36
16:37
16:38
16:40
16:43
16:45
19:04
20:04
21:04
21:1522:04
23:04

0:04
1:04

1.27
1.27
1.231.21
1.16
1.18
1.16
1.11
1.18
1.15
1.09
1.29
1.09
1.09
1.05
1.03
1.04
1.37
1.00
1.03
1.08
1.01
1.04
1.01
4.67
4.66
3.92
4.80
4.20
4.32
5.15
3.84
5.13
4.22
2.43
5.20
5.17
3.63
2.13
4.58
3.88
4.51
3.57
4.04
1.34
1.03
1.25
1.14
1.12
1.62
1.11
1.10
1.09
1.10

13.6
13.6
13.6
13.6
13.6
13.6
13.6
13.6
13.6
13.6
13.5
13.6
14.1
13.9
13.9
14.0
13.1
15.6
14.0
14.2
13.1
14-.0
14.0
14.1
14.2
14.1
14.2
14.1
14.1
14.0
15.6
13.2
15.6
14.1
14.3
14.0
14.1
14.1
13.6
14.1
14.2
14.1
13.2

•14.1
15.6
13.1
13.8
13.7
13.7
25.6
13.8
13.6
13.7
13.7
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A p p e n d i x 2. Concentration of ch l or id e and s u l f a t e at selected sites in French G u l c h , C o l o r a d o , Jufy 24-28,

S i t e T i m e C h l o r i d e S u l f a t eSite« "•

T3
T3
T3
T 3
T3
T3
T3
T 3
T3
-paI o
-pa1 w
•pa1 O
•pa\ w
TO,1 O
•pai «jTO1 w
TO1 w
-paI w

T3
T 3
T3
T 3
T3
T3
T3
T3
T 3
T3
T3
T3
T3
T3
T3
T 3
T3
T3
TO1 w
TO,I tj
TO1 O
TO1 O
TOI O
TO,1 O
TO,1 OT3•pa1 w
T3
T3
T3
T3
T3
T3
T 3
T3
T 3

T i m e i— — — — — — • — — — — -
7/26/96 2:04
7/26/96 3:33
7/26/96 4:27
7 / 2 6 / 9 6 5:04
7/26/96 5:49
7/26/96 6:04
7/26/96 7:04
7/26/96 8:04
7 / 2 6 / 9 6 9:04
7/26/96 10:04
7/26/96 11:04
7/26/96 13:04
7/26/96 14:04
7/26/96 17:42
7 / 2 6 / 9 6 18:42
7/26/96 19:42
7/26/96 20:42
7/26/96 21:42
7/26/96 22:42
7/26/96 23:42
7/27/96 0:42
7/27/96 1:42
7/27/96 2:42
7/27/96 3:42
7/27/96 4:04
7/27/96 4:42
7/27/96 5:42
7/27/96 5:42
7/27/96 6:42
7/27/96 9:00
7/27/96 9:05
7/27/96 9:10
7/27/96 9:15
7/27/96 9:20
7/27/96 9:25
7/27/96 9:30
7/27/96 9:35
7/27/96 9:40
7/27/96 9:45
7/27/96 9:50
7/27/96 9:55
7/27/96 10:00
7/27/96 10:05
7/27/96 10:10
7/27/96 10:15
7/27/96 10:20
7/27/96 10:25
7/27/96 10:30
7/27/96 10:35
7/27/96 10:40
7/27/96 10:50
7/27/96 11:00
7/27/96 1V20
7/27/96 11:40

;monae
. •-

1.12
1.00

.97
1.18
1.06
1.08
1.08
1.07
1.04
1.07
1.12
1.04
1.09
1.07
1.13
1.15
1.24
1.25
1.23
1.25
1.34
128
129
128
1.11
1.36
125
1.29124
1.18
123
120
1.41
1.23
1.32
1.37
1.21
1.31
1.35
128
125
120
1.17
1.16
1.15
1.13
121
1.10
1.08
1.10
1.08
1.06

.96

.92

aunaic

13.7
142
142
14.1
13.4
13.7
I C i . T
13.7
13.7
14.0
14.0
13.8
13.9
14.2
14.3
14.1
14.3
14.3
13.8
14.1
13.9
* A O142
14.1
14.0
14.0
14.3
14.0
14.1
14.1
13.5
13.0
13.5
13.4
13.4
13.4
13.4
13.4
13.5
13.4
13.5
13.4
13.5
13.5
13.4
13.0
13.5
13.4
13.5
13.4
13.4
1 ° , 41 w.*+
13.4
13.61 ° . i\ w.«?

T 3
T3
T3
T 3
T3
T3
T 3
T 3
T3
T3
T4
T 4
T4
T4
T 4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T 4
T4
T4
T4
T4
T 4
T4
T 4
T4
T4
T4
T4
T 4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T 4

7/27/96 12:00
7/27/96 12:20
7/27/96 12:40
7/27/96 13:00
7/27/96 15:56
7/28/96 10:01

.7/28/96 15:19
8/9/96 13:52
8/9/96 13:52
8/23/96 12:35
7/23/96 11:10
7/23/96 11:10
7/23/96 11:32
7/23/96 13:06
7/23/96 14:20
7/23/96 15:00
7/23/96 16:05
7/23/96 17:21
7/23/96 18:47
7 / 2 3 / 9 6 13:47
7/23/96 20:47
7/23/96 21:47
7/23/96 22:47
7/23/96 23:47
7/24/96 0:47
7/24/96 1:47
7/24/96 2:47
7/24/96 3:47
7/24/96 4:21
7/24/96 4:47
7/24/96 5:47
7/24/96 6:47
7/24/96 7:47
7/24/96 8:47
7/24/96 9:30
7/24/96 9:40
7/24/96 9:47
7/24/96 9:50
7/24/96 9:50
7/24/96 9:56
7/24/96 10:00
7/24/96 10:05
7/24/96 10:10
7/24/96 10:15
7/24/96 10:20
7/24/96 1025
7/24/96 10:30
7/24/96 10:35
7/24/96 10:40
7/24/96 10:45
7/24/96 10:47
7/24/96 10:50

.80

.70

.75

.67

.55

.37
,3R
.37
.28
27
.52
.43
.47
.51
.67
.73
.67
.75
.87
.78
.88
n.v.
.90
.91
.85
.83
.85
.84

1.61
.93
.87
.89
.86
.85
.94
.92
.95
.96
.91
.93
.98
.96
.98
.98
.99
.98
.98

1.01
1.04
1.05

.97
1.09

13.5
13.0
13.3
13.1
13.6
13.6
13.9
15.4
14.3
16.4
24.4
21.0
24.1
24.1
24.1
26.3
252
24.7
25.4
24.9
25.3
27.0
252
24.7
25.3
24.4
24.3
24.5
25.1
23.9
25.1
24.6
25.0
25.0
24.2
24.9
oe nZD.u
24.4
OA CitH.O
23.4
25.3

. 25.1
22.9
242
24.9
24.0
24.8
24.9
25.1
23.5
24.9
24.0
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Concent - d*** - ——— - — — — — —— * *"*

T4
T4
T4
T4
T4
T4

. T 4 ' '
T4
T4
T4
T4
T4
T 4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4

7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7/25/96
7/25/96
7/25/96
7/25/96
7 / 2 5 / 9 6
7/25/96
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7/25/96
7 / 2 5 / 9 6
7/25/96
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7/25/96
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7 / 2 5 / 9 6
7/25/96
7 / 2 5 / 9 6
7 / 2 5 / 9 6

10:55
11:00
11:0511:10
11:15
11:20
-1:25
11:30
11:45
11:47
12:00
12:20
12:40
13:00
13:20
13:40
14:00
14:30
15:00
15:30
16:00
16:30
17:00
17:30
18:53
19:53
20:53
21:53
22:53
23:53

0:15
0:53
1:53
2:53
3:53
4:53
5:53
7:15
7:53
8:53
9:15
9:53

10:00
11:00
12:00
13:00
14:00
14:59
15:00
15:00
15:02
15:03
15:04
15:05

1.05
1.06
1.08
1.10
1.10
1.11
1.16
1.20
1.27
1.13
1.28
1.33
1.33
1.39
1.38
1.41
1.49
1.48
1.50
1.56
1.57
1.53
1.55
1.61
1.61
1.66
1.63
1.61
1.61
1.62
1.56
1.63
1.56
1.62
1.51
1.51
1.61
1.55
1.52
1.52
1.55
1.50
1.55
1.53
1.49
1.52
1.46
1.48
1.46
1.50
1.47
4.29
4.48
4.16

24.9
24.2
24.6
24.5
24.4
25.2
24.5
24.6
25.0
25.0
24.6
25.0
22.9
24.3
24.1
24.7
24.3
24.4
25.1
24.9
25.3
24.9
25.0
24.7
25.6
25.6
25.6
25.4
25.8
24.7
24.4
24.5
24.4
25.2
24.8
24.9
25.7
24.7
23.9
26.0
24.7
25.9
25.3
22.6
24.6
24.6
23.5
25.3
25.3
25.4
25.4
25.2
25.2
25.4

S i t e
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4

Time C h l o r i d e
7/25/96 15:06
7/25/96 15:07
7/25/96 15:08
7/25/96 15:09
7 / 2 5 / 9 6 15:10
7 / 2 5 / 9 6 15:11

._ 7 / 2 5 / 9 6 15:12
" 7/25/96 1b:13

7/25/96 15:15
7/25/96 15:17
7/25/96 15:19
7/25/96 15:21
7/25/96 15:23
7 / 2 5 / 9 6 15:25
7/25/96 15:27
7/25/96 15:29
7/25/96 15:31
7/25/96 15:32
7/25/96 16:00
7/25/96 19:15
7 / 2 5 / 9 6 20:15
7/25/96 21:15
7 / 2 5 / 9 6 22:15
7/25/96 23:15
7/26/96 1:15
7/26/96 2:15
7/26/96 3:04
7/26/96 3:15
7/26/96 3:25
7 / 2 6 / 9 6 4:15
7 / 2 6 / 9 6 5:15
7/26/96 5:39
7/26/96 6:15
7/26/96 8:15
7/26/96 10:15
7/26/96 11:15
7/26/96 12:04
7 / 2 6 / 9 6 12:15
7/26/96 13:47
7 / 2 6 / 9 6 14:16
7/26/96 18:03
7/26/96 19:03
7/26/96 20:03
7/26/96 21:03
7/26/96 22:03
7 / 2 6 / 9 6 23:03
7/27/96 0:03
7/27/96 1:03
7/27/96 2:03
7/27/96 3:03
7/27/96 4:03
7/27/96 5:03
7/27/96 6:03
7/27/96 8:03

4.44
4.25
4.32
4.24
4.00
4.30
4.15n.v.
4.41
4.20
4.17
4.28
4.13
4.19
4.36
4.17
4.55
1.50
1.46
1.72
1.62
1.58
1.60
1.59
1.57
1.63
1.11
1.65
1.67
1.57
1.56
1.57
1.63
1.56
1.54
1.51
1.07
1.73
122
1.62
1.57
1.63
1.65
1.75
1.88
1.83
1.87
1.96
1.91
1.92
1.97
1.89
1.92
1.87

S u l f a t e
25.5
25.4
25.3
25.4
25.2
25.2
25.3
26.0
25.3
25.3
25.4
25.5
25.3
25.3
25.3
25.5
25.4
25.2
23.1
24.9
25.6
25.7
25.6
24.0
25.2
24.9
14.0
24.2
25.7
24.4
24.5
22.9
24.4
24.5
24.6
25.0
14.1
26.1
21.7
24.7
25.5
25.6
25.4
25.8
26.1
25.5
25.5
25.8
25.5
25.6
25.2
25.4
25.6
25.1
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A p p e n d i x 2. Concentration of c h l o r i d e and s u l f a t e at selected sites in French G u l c h , C o l o r a d o , July 24-28 ,1996—Cont inued

Site
T4
T4
T4
T4
T4

. T 4
-.

I -+
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T 4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T 4
T4
T4
T4
T4

Time
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/28/96
7/28/96
7/28/96
7/28/96
7/28/96
7/28/96
7/28/96

9:00
9:03
9:10
9:209:30
9:35
9:40
9:45
9:50
9:55

10:00
10:03
10:05
10:10
10:15
10:2010:25
10:30
10:35
10:40
10:50
11:00
11:1011-20
11:30
11:30
11:40
12:00
12:03
12:20
12:40
13:00
13:03
1320
13:40
14:00
14:03
14:53
15:53
16:53
17:53
18:5319:53
20:53
21:53
22:53
23:53

0:53
1:53
2:53
3:53
4:53
5:53
6:53

Chlor id e
1.96
2.02
2.01
1.96
2.02
1.98
1.98
1.90
1.96
1.95
1.99
1.97
1.99
1.97
1.85
1.97
1.93
1.97
1.97
1.89
1.77
1.73
1.71
1.76
1.76
1.63
1.64
1.36
1.45
1.23
1.21
1.20
1.23
1.16
1.14
1.10
1.12
1.08
1.04

.98

.95

.79

.88

.80

.90

.76

.87

.66

.74

.66

.76

.68

.60

.63

S u l f a t e
25.8
25.8
25.7
25.9
25.9
26.0

.26.0
25.8
26.0
25.9
26.1
26.0
26.2
25.9
25.7
26.2
26.5
26.9
27.0
26.8
27.0
26.8
27.4
27.6
27.2
27.7
27.8
27.0
27.9
27.0
27.2
27.8
27.7
27.5
27.5
27.7
27.4
26.3
26.4
26.0
26.1
25.7
26.1
26.1
26.8
26.2
25.9
25.6
25.7
25.6
25.6
25.6
25.5
25.7

S i t e
T4
T4
T4
T4
T4
T4
TV
T4
T4
T4
T4
T4
T4A
T4C
T4D
T 5
T 5
T5
T5
T 5
T 5
T5
T5
T5
T 5
T5
T5
T5
T 5
T5
T 5
T5
T5
T 5
T 5
T5
T 5
T5
T5
T5
T5
T5
T 5
T5
T5
T5
T5
T 5
T 5
T5
T5
T 5
T5
T5

Time
7/28/96
7/28/96
7/28/96
7/28/96
7/28/96
7/28/96
7/28/96
7/28/96
7/28/96
8/9/96
8/23/96
9 / 1 7 / 9 6
7/25/96
7/25/96
7/25/96
7 / 2 1 / 9 6
7/22/96
7/23/96
7/23/96
7 / 2 3 / 9 6
7/23/96
7/23/96
7/23/96
7 / 2 3 / 9 6
7/23/96
7/23/96
7/23/96
7/23/96
7/23/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96
7/24/96

7:53
8:53
9:53

10:53
11:53
12:53
13:53
14:53
15:53
13:45
12:25
14:50
15:35
15:35
15:35
11:50
10:00
11:53
13:18
14:33
15:13
16:15
17:29
18:58
19:58
20:58
21:58
22:58
23:58

0:58
1:43
1:58
2:58
3:58
4:58
5:58
6:58
7:58
8:589:58

10:2010:40
11:00
11:05
11:10
11:15
11:20
11:25
11:30
11:35
11:40
11:45
11:5512:00

Chlor id e
.60
.67
.63
.62
.58
.54
.55
.54
.63
.36
.33
.14

4.50
4.51
4.00
1.12

.86

.49

.54

.60

.69

.71

.71

.74

.87

.80

.81

.90

.89

.82
1.15

.87

.87

.89

.87

.91

.89

.86

.89

.86

.92

.95

.98
1.02
1.11
1.02
1.04
1.02
1.11
1.12
1.14
1.10
1.16
1.22

S u l f a t e
25.7
25.3
25.5
25.1
25.6
25.2
25.9
25.7-
25.9
23.9
24.3
23.3
25.4
25.4
25.5
24.9
25.0
24.6
25.2
24.1
24.4
25.1
24.7
25.0
24.8
25.1
24.9
24.8
25.0
24.4
20.2
25.4
25.1
25.1
25.0
24.9
25.1
25.2
25.0
25.0
25.1
25.2
24.8
24.9
25.1
24.7
24.8
25.0
24.8
25.0
25.1
25.1
24.6
25.2
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a, 0,0,

T i m e C h l o r i d e S u l f a t e
w l l w• 1 •

T5
T5
T5
T5
T 5
T 5
T5
T5
T 5
T5
T5
T 5
T 5
T5
T 5
T 5
T5
T 5
T 5
T 5
T 5
T5
T5
T 5
T 5
T5
T5
T5
T5
T 5
T5
T5
T 5
T5
T 5
T5
T 5
T5
T 5
T 5
T5
T 5
T5
T 5
T 5
T5
T5
T5
T5
T 5
T5
T 5
T5
T5

_ — — — —— ——— • ——
7/24/96 12:10
7/24/96 1220
7/24/96 12:30
7/24/96 12:45
7/24/96 13:00
7/24/96 13:15
7/24/96 13:30
7/24/96 13:45
7/24/96 14:00
7/24/96 14:30
7/24/96 15:00
7/24/96 15:30
7/24/96 16:00
7 / 2 4 / 9 6 16:30
7/24/96 17:00
7/24/96 17:30
7/24/96 18:00
7/24/96 20:05
7 / 2 5 / 9 6 10:00
7 / 2 5 / 9 6 11:00
7 / 2 5 / 9 6 12:00
7 / 2 5 / 9 6 13:00
7/25/96 13:32
7 / 2 5 / 9 6 13:33
7/25/96 13:34
7/25/96 13:35
7/25/96 13:36
7 / 2 5 / 9 6 13:37
7 / 2 5 / 9 6 13:38
7/25/96 13:40
7 / 2 5 / 9 6 13:42
7/25/96 13:46
7 / 2 5 / 9 6 13:48
7 / 2 5 / 9 6 13:50
7 / 2 5 / 9 6 13:52
7/25/96 13:56
7 / 2 5 / 9 6 13:58
7 / 2 5 / 9 6 14:00
7/25/96 14:00
7/25/96 14:02
7/25/96 14:06
7 / 2 5 / 9 6 14:10
7/25/96 14:15
7 / 2 5 / 9 6 15:00
7 / 2 5 / 9 6 16:00
7/25/96 18:28
7 / 2 5 / 9 6 1958
7 / 2 5 / 9 6 20:28
7/25/96 21:28
7 / 2 5 / 9 6 22:28
7/25/96 23:28
7 / 2 6 / 9 6 0:28
7 / 2 6 / 9 6 128
7 / 2 6 / 9 6 2:26

•HI. I

125
1.39
1.27
1.36
1.37
1.40
* •*» •-
1.44
1.47
1.47
1.48
1.47
1.50
1.70
1.61
1.62
1.71
1.59
1.48
1.50
1.47
1.52
1.45
1.47
1.45
6.77
6.49
6.10
6.23
6.43
6.76
6.58
6.13
6.53
6.16
6.50
6.60
1.53
6.19
6.75
1.49
1.45
1.45
1.42
1.56
1.51
1.78
1.76
1.78
1.65
1.63
1.67
1.57
1.63

25.4
24.8
25.0
25.3
25.3
25.0

. .T5.1
25.0
25.0
25.8
25.5
25.3
25.6
25.0
25.5
25.7
25.0
25.7
252
25.4
P5 1£.1*)r 1

25.2
24.4
24.4
25.2
25.0
24.7
24.4
24.3
24.3
25.0
25.5
24.6
25.3
24.5
25.3
25.3
26.3
24.7
25.4
25.2
25.1
oc *aZD.O
25.6
26.1
25.3
25.4
26.1
25.5
yc. 1£.*?• 1
25.2
25.1oc n2b.Uoc *a2D.O

T 5
T5
T 5
T 5
T 5
T5
T5
T 5
T5
T5
T 5
T5
T5
T 5
T5
T 5
T 5
T5
T 5
T 5
T5
T 5
T5
T5
T 5
T5
T 5
T 5
T 5
T 5
T5
T 5
T 5
T 5
T5
T 5
T 5
T 5
T5
T 5
T5
T5
T 5
T 5
T 5
T5
T 5
T 5
T5
T 5
T5
T 5
T 5
T5

7/26/96 2:28
7/26/96 3:15
7/26/96 3:28
7/26/96 4:12
7 / 2 6 / 9 6 4:28
7 / 2 6 / 9 6 5:24
7 / 2 6 / 9 6 5:28
7 / 2 6 / 9 6 6:28
7 / 2 6 / 9 6 7:28
7 / 2 6 / 9 6 8:28
7 / 2 6 / 9 6 9:28
7 / 2 6 / 9 6 10:28
7 / 2 6 / 9 6 11:28
7/26/96 12:28
7/26/96 13:08
7/26/96 17:23
7 / 2 6 / 9 6 17:43
7 / 2 6 / 9 6 18:43
7 / 2 6 / 9 6 18:43
7 / 2 6 / 9 6 19:43
7 / 2 6 / 9 6 19:43
7 / 2 6 / 9 6 20:43
7 / 2 6 / 9 6 20:43
7 / 2 6 / 9 6 21:43
7 / 2 6 / 9 6 22:43
7/26/96 23:43
7/27/96 0:43
7/27/96 2:43
7/27/96 3:43
7/27/96 3:43
7/27/96 4:43
7 / 2 7 / 9 6 6:43
7/27/96 7:03
7/27/96 7:43
7/27/96 8:43
7/27/96 9:30
7 / 2 7 / 9 6 9:40
7/27/96 9:43
7/27/96 9:45
7/27/96 9:50
7/27/96 9:55
7/27/96 10:00
7/27/96 10:05
7 / 2 7 / 9 6 10:10
7/27/96 10:15
7/27/96 10:20
7/27/96 10:25
7 / 2 7 / 9 6 10:30
7/27/96 10:35
7/27/96 10:40
7/27/96 10:43
7/27/96 10:45
7 / 2 7 / 9 6 10:50
7/27/96 10:55

1.66
1.64
1.63
1.56
1.60
1.58
1.59
1.ba
1.61
1.62
1.61
1.64
1.59
1.56
1.58
1.72
1.19
1.69
1.28
1.74
1.32
1.81
1.32
1.09
1.14
1.14
122
1.41
126
1.40
121
120
2.00
1.33
1.40
2.28
2.10
1.53
2.09
2.03
1.99
2.04
2.03
2.05
2.04
2.04
2.00
2.09
2.03
2.04
1.37
1.97
1.98
1.89

25.1
262
25.7
25.6
26.2
26.0
26.4
•to.3
24.8
25.1
252
26.1
26.0
25.7
25.2
25.8
22.3
25.8
22.4
25.8
22.3
25.9
222
20.5
20.7
20.6
20.4
21.8
20.5
21.8
20.6
20.4
25.6
20.5
21.8
262
26.2
22.1
26.1
25.9
25.7
26.2
26.1
25.8
25.6
26.1
26.4
26.3
25.9
26.3
22.6
26.5
26.8
26.2
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A p p e n d i x 2. Concentration of c h l o r i d e and s u l f a t e at selected sites in French G u l c h , Co lorado , July 24-28, 1996-Continued

Site««^«—^-—— ^

T5
T 5
T5
T5
T 5
T 5..---is
T5
T5
T5
T 5
T5
T5
T5
T5
T5
T5
T 6
T6
T6
T6
T6
T 6
T6
T6
T6
T6
T6
T6
T6
T 6
T6
T6
T 6
T6
T6
T6
T6
T6
T6
T6
T6
T 6
T6
T 6
T6
T6
T6
T6
T6
T6
T6
T6
T6

T i m e <— — — — — — — — — — -
7/27/96 11:00
7/27/96 1120
7/27/96 11:40
7/27/96 11:43
7/27/96 12:00
7/27/96 12:20

— — 7 , ' " ' . , " ' " • •7/27/96 13:00
7/27/96 13:20
7/27/96 13:40
7/27/96 14:007/27/96 14:30
7/27/96 15:00
7/27/96 16:05
7/28/96 10:13
7/28/96 15:118/23/96 12:15
7/23/96 12:23
7/23/96 13:31
7/23/96 14:42
7/23/96 15:24
7/23/96 16:23
7/23/96 17:37
7/24/96 10:30
7/24/96 10:40
7/24/96 10:50
7/24/96 11:00
7/24/96 11:05
7/24/96 11:10
7/24/96 11:15
7/24/96 1150
7/24/96 11:25
7/24/96 11:30
7/24/96 11:35
7/24/96 11:40
7/24/96 11:45
7/24/96 11:50
7/24/96 11:55
7/24/96 12:00
7/24/96 12:10
7/24/96 1220
7/24/96 12:30
7/24/96 12:40
7/24/96 12:50
7/24/96 13:00
7/24/96 13:20
7/24/96 13:40
7/24/96 14:00
7/24/96 14:20
7/24/96 14:40
7/24/96 15:00
7/24/96 15:30
7/24/96 16:00
7/24/96 16:30

C h l o r i d e -

1.93
1.78
1.80
1.06
1.46
1.47
</»7
1.35
1.23
1.20
1.17
1.08
1.10

.94

.55

.55

.32

.45

.63

.40

.50

.47

.56

.94

.66

.69

.65

.74

.74

.73

.72

.63

.68

.67

.68

.67

.73

.63

.74

.75

.71
1.06

.80

.81

.76

.75

.74

.85

.92

.89

.84

.89

.97

.90

S u l f a t e
26.7
26.9
27.6
21.9
27.6
28.0
27.8
27.8
27.7
28.9
27.5
27.1
27.0
26.3
24.9
25.8
24.1
58.0
68.7
62.1
61.5
65.3
64.0
63.5 •
56.7
59.0
55.5
55.9
56.0
56.4
56.0
57.1
56.8
56.7
58.5
58.1
57.7
58.5
58.7
57.8
58.3
70.7
59.8
59.7
64.4
62.7
59.7
64.9
62.9
65.6
61.9
63.8
64.4
65.3

S i t e
T6
T 6
T6
T6
T6
T 6
T6
T6
T 6
T6
T6
T6
T 6
T 6
T6
T6
T 6
T6
T 6
T 6
T 6
T6
T6
T 6
T6
T6
T6
T 6
T6
T6
T6
T6
T6
T 6
T6
T 6
T6
T6
T6
T 6
T6
T6
T6
T6
T 6
T 6
T6
T6
T6
T6
T6
T 6
T6
T6

T i m e C h l o r i d e
7/24/96 17:00
7/24/96 17:30
7/24/96 18:00
7/24/96 21:40
7/24/96 22:20
7 / 2 5 / 9 6 0:18
7 / 2 5 / 9 6 .?"?9
7/25/96 "b:n
7 / 2 5 / 9 6 10:19
7/25/96 11:04
7/25/96 11:08
7/25/96 11:11
7 / 2 5 / 9 6 11:12
7/25/96 11:14
7 / 2 5 / 9 6 11:15
7 / 2 5 / 9 6 11:16
7 / 2 5 / 9 6 11:18
7 / 2 5 / 9 6 11:19
7 / 2 5 / 9 6 11:21
7 / 2 5 / 9 6 11:23
7 / 2 5 / 9 6 11:25
7 / 2 5 / 9 6 11:26
7 / 2 5 / 9 6 11:27
7 / 2 5 / 9 6 1128
7 / 2 5 / 9 6 11:29
7/25/96 11:30
7 / 2 5 / 9 6 11:32
7 / 2 5 / 9 6 11:33
7/25/96 11:35
7 / 2 5 / 9 6 11:39
7 / 2 5 / 9 6 11:40
7/25/96 11:42
7/25/96 11:43
7 / 2 5 / 9 6 11:45
7 / 2 5 / 9 6 11:46
7 / 2 5 / 9 6 11:46
7 / 2 5 / 9 6 11:48
7 / 2 5 / 9 6 11:49
7 / 2 5 / 9 6 11:51
7 / 2 5 / 9 6 11:53
7 / 2 5 / 9 6 11:54
7 / 2 5 / 9 6 11:56
7/25/96 11:57
7 / 2 5 / 9 6 11:58
7 / 2 5 / 9 6 12:00
7 / 2 5 / 9 6 12:03
7/25/96 12:05
7 / 2 5 / 9 6 12:06
7/25/96 12:08
7/25/96 12:10
7 / 2 5 / 9 6 12:12
7 / 2 5 / 9 6 12:12
7/25/96 12:18
7 / 2 5 / 9 6 12:23

1.03
.95
.98

1.09
1.07
1.08
1.09
1.06
1.18
1.06
1.07
1.14
1.13
3.71
4.46
4.31
4.31
4.41
4.07
3.92
4.20
429
4.03
1.15
429
423
4.23
4.13
4.19
421
4.19
423
4.27
4.00
1.10
4.31
422
428
421
4.28
3.88
4.57
4.52
1.14
4.57
4.68
4.52
4.53
4.74
4.68
1.22
4.59
1.18
1.12

S u l f a t e
65.6
64.6
64.0
55.8
55.3
55.0
55.6
55.0
58.6
71.2
59.0
58.4
57.7
58.0
60.0
58.4
58.6
59.4
60.7
59.4
60.1
60.0
58.3
70.4
58.0
58.6
58.4
60.0
58.1
58.3
58.3
58.6
58.8
60.0
69.5
58.5
58.9
60.4
60.2
58.3
56.5
58.8
58.3
71.4
58.4
59.3
58.5
58.8
58.5
58.5
65.9
61.1
59.4
61.8
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A p p e n d i x concent o.cMo*de and site, » French GuM. Colorado. July 24-28.

• I I I "
S i t e

m < '

T6
T6
T 6
T 6
T6
T 6
T 6
T6
T6
T 6
T6
T 6
T 6
T6
T 6
T6
T 6
T 6
T6
T 6

— — — — — - — — — — — — —
T i m e___ — — — —

7/25/96
7/25/96
7 / 2 6 / 9 6
7 / 2 6 / 9 6
7/26/96
7/26/96
7 / 2 6 / 9 6
7 / 2 6 / 9 6
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7 / 2 7 / 9 6
7/27/96
7/27/96
7/27/96
7/27/96
7 / 2 7 / 9 6
7/27/96
7/27/96

•^ ———

14:20
15:50

4:43
6:13

10:49
11:20
13:09
14:44

9:40
10:00
10:05
10:10
10:15
10:20
10:25
1-0:30
10:35
10:40
10:45
10:50
10:55

•
C h l o r i d e__.

1.29
1.83
1.12
1.13
1.11
1.31
1.10
1.12
1.36
1.35
1.32
1.36
1.31
1.33
1.31
1.36
1.33
1.32
1.37
1.33
1.36

-

S u l f a t e_
CQ Qoy,y
en £oy.o
66.7
66.3
58.4
60.9
62.7
62.8
60.9
60.4
60.9
60.7
60.8
60.6
60.7
61.3
60.7

. 60.9
60.3
60.7
60.7

S i t e
T6
T6
T6
T 6
T6
T6
-̂ e
T6
T6
T6
T 6
T6
T6
T 6
T6
T6
T 6
T6
T6
T 6
T6
•̂•̂•n̂""̂™

T i m e
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7 / 2 7 / 9 6
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/27/96
7/28/96
7 / 2 8 / 9 6
8 / 9 / 9 6
8 / 2 3 / 9 6
9 / 1 7 / 9 6

~

11:00
11:10
11:30
11:40
11:50
12:00
12:20
12:40
13:20
13:40
14:00
14:20
14:40
15:00
15:30
16:12
10:14
13:00
13:24
12:00
15:40

,- —— -̂-̂™

C h l o r i d e S u l f a t e
1.35
1.29
1.32
1.35
1.30
1.30
1-27
1.27
1.18
1.13
1.09
1.07
1.04

.97

.95
1.34

.82

.79

.50

.44

.35
.

60.4
60.6
61.2
60.9
61.4
62.3
64.1
CO C ~DO .3
64.4
65.0
67.0
66.1
65.7
65.8
66.9
81.5
73.1
74.001 1O I . I
OR OOD.J
87.7

• •
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" A p p e n d i x 3. S i t e d e s cr ip t i on and physical proper t i e s of water f rom synoptic s ampl ing sites, French Gulch , Colorado, July 26,1996
[ S i t e , f i e l d i d e n t i f i c a t i o n l a b e l ; Dis tance , downstream f r o m i n j e c t i o n , i n meters; T e m p , t e m p e r a t u r e , I n degree s C e l s i u s ; p H , I n l o g unit s; C o n d , s p e c i f i c conductance, i n micro s l emens p e r cen-t i m e t e r a t 25 degree s C e l s i u s ; Q, d i s c h a r g e f r o m tracer c a l c u l a t i o n s , In l i t e r s per second; Qmeter, d i s c h a r g e f r o m f l o w - m e t e r measurement, In l i t e r s per s econd; RB, right bank; LB, l e f t bank]

S i t e

F G O O
F G 0 3
F G 0 5
T S 0 2
F G 0 9
F G 0 9 d
T S 0 3
F G 1 7 b
F G 1 8
F G 2 5
F G 2 8
T S 0 4
F G 3 1
F G 3 3
F G 3 5
T S 0 5
F G 3 9
F G 5 0
F G 5 2
F G 5 3
F G 5 5
F G 4 5
T S 0 6
F G 4 6
F G 4 2

Distance

0
84

234
516
631
744
799
825
881
981

1,087
1,161
1,242
1,356
1,515
1,651
1,751
1,880
2,080
2,150
2,200
2,388
2,536
2,540
2,600

Descr ip t i on of site
Stream sites

I n j e c t i o n p o i n t ; S i t e T O j u s t up s t r eam f r o m i n j e c t i o n
A l o n g s traight port ion of stream
A l o n g s t r a i g h t port ion of stream
S i t e T 2 ( S t a t e site F G 5 )
Flag on RB at downstream end of willows, channel is about 35 f e e t wide
End of culvert at C o u n t r y Boy Road
S i t e T3; stream at top of cascade; ISCO site
S t r e a m site added to s e e e f f e c t o f F G 1 6 - b & c ; d i s t a n c e e s t imated
S t r e a m ; at bottom of s teep rock hill
Old FG25 was Inflow that i s now dry; t h i s i s stream site to r e p l a c e FG24
Stream near white semi tra i l er
S i t e T 4 ; stream below cu lver t; I S C O site
By big cut in alluvium with f o o t br idge ( p o l e across stream)
Downstream f r o m t r i p l e power p o l e
Before double power po l e s
S i t e T 5 ; below i n f l o w area; I S C O S i t e
Above s p l i t of north branch to ponded area
W i d e gravel bar; north branch, f i r s t site downstream f r o m F G 3 9
Open area a f t e r bend
Narrow channel above conf luence with re-emergent f l o w f r om FG41
Below F G 5 3 / 5 4 c o n f l u e n c e
Open area 100 meters upstream f r o m t r i p l e power po l e ; upstream f r o m d ir ty i n f l o w
S i t e T 6 ( S t a t e F G 7 s i t e ) downstream f r o m I n f l o w o f acid dra inage
S o u t h branch i n f l o w to Dead Elk Pond (State site FG8)
Culvert at the end of Dead Elk P o n d ; f a r t h e s t downstream p o i n t

T e m p

10.5
11.0
11.0
11.0
11.5
5.5
7.0
7.0
8.0
9.0
7.0
7.0
7.0
8.0
7.5

10.0
9.0
8.5

11.0
9.0
8.0
7.5
7.5
7.0
8.0

PH

823
8:̂ 6
8.' 9
7|«e:«
8 7
7.J6
7.81
8,06
7.74
7.71
7.74
7.53
7.70
7.61
7.35
7,17
727
726£ 1 9
*32

728
' . 3 8
"28
7.31

Cond

84
101
98
98

100
109
108
112
131
136
135
135
138
137
135
138
192
137
128
132
184
170
214
122
139

Q Qmeter

136.0

74.2 93.4

304.0 328.0
334.6
354.0
368.0
375.0
372.0 279.0

179.7 334.0

376.6 297.0



A p p e n d i x 3 S i t e de s cr ipt ion and physical proper t i e s o f water f rom synoptic s a m p l i n g sites, French Gul ch , Colorado, July 2 6 , 1 9 9 6 — C o n t i n u e d

S i t e

F G 0 6
F G 0 9 b
F G 0 9 c
F G 1 0
F G 1 2
F G 1 3
F G 1 6
F G 1 6 b
F G 1 6 c
F G 1 9
F G 1 5
F G 2 2
F G 2 7
F G 3 2
F G 3 6 b
F G 3 8
F G 5 1
F G 5 4
F G 4 4
F G 5 6

F G 3 9 b
F G 4 0
F G 4 1

Distance

333
694
695
745
769
784
812
813
814
840
840
857

1,073
1,266
1,605
1,701
1,980
2,150
2,400
2,422

1,826
1,869
1,920

Descr ip t i on of site
I n f l o w sites

LB water exits f r o m rocks all the way over to the dredge p i l e
LB water exits f r o m rocks
RB water exit s f r o m rocks
LB water exit s f r o m rocks; downstream end of culvert at Country Boy mine
RB another i n f l o w ; large f l o w f r o m rocks
RB third i n f l o w RB 20 f e e t downstream again
Inflow LB along cascade section
RB Inflow - mine water
RB i n f l o w - mine water
LB i n f l o w
RB pool with "yellow boy" pr e c ip i t a t e ; downstream from FG-16
LB
LB i n f l o w near double tower; about 10 meters left of stream
RB j u s t around bend, about 3 meters
Inflow added 7/24/96 , never makes it to the stream - p a r a l l e l s stream
Inflow RB s p r i n g at base of d r e d g e p i l e ; water coming in all a l o n g base of
Drainage f r o m spr ing FG-6; re-enters s p l i t o f f branch a f t e r pond
Re-emergent water f r o m F G 4 1 area
Mine drainage, d ir ty i n f l o w RB; - s ampl e near road I n s t e a d of by stream
FG44 and water f r o m the base of rubble p i l e where i t j o i n s stream

B u l l h i d e F a u l t sur face drainage
RB i n f l o w below p o n d ; orange s u g g e s t s i t di f fers f r o m water out of pond
N o r t h branch beyond p o n d ; water leaving channel at thi s point
Point where all the water goes under the rocks ( d r a i n f r o m pond o n l y )

T e m p

8.5
6.0
7.0
6.5
6.5
8.0

8.0
8.0
6.0
8.0

10.0
17.5

6.5
6.5
5.0
7.5
7.5
7.0
8.0

9.0
9.0
9.0

pH j
Ii

8.:i
8.! 5
7.io
8.50
8.05
8.04
7.62
7.77
7.78
7.53
727
8.09
7.87
7.72
7.60
C.63

• ' . 3 4
.19i.01
.97

7.33
7.38
7.30

Cond Q Qmeter

97
95

117
102
100
101
266
135
144
306
292
444
366
135
144
860
137
206
412
280

262
251
244



A p p e n d i x 4. Concentration of ma jor ions in water f rom synop t i c s a m p l i n g sites a long F r e n c h G u l c h , C o l o r a d o , July 26,1996
[Disl, distance downstream f rom inject ion site, in meters; S i t e , f i e l d sample and flag i d e n t i f i e r , concentration in milligrams per l i ter ]

..
Dlst

0
84

234
516
631
744
799
825
881
981

1,087
1,161
1,242
1,356
1,515
1,651
1,751
1,880
2,080
2,150
2,200
2,388
2,536
2,540
2,600

333
694
695
745
769
784
812
813
814
840
840

,^«.—— ——— ^^——— ̂
S i t e

FGOO
F G 0 3
FG05
T S 0 2
F G 0 9
F G 0 9 d
T S 0 3
F G 1 7 b
F G 1 8
F G 2 5
F G 2 8
T S 0 4
F G 3 1
F G 3 3
F G 3 5
T S 0 5
F G 3 9
F G 5 0
F G 5 2
F G 5 3
F G 5 5
F G 4 5
T S 0 6
FG46
F G 4 2

FG06
F G 0 9 b
FG09C
F G 1 0
F G 1 2
F G 1 3
F G 1 6
F G 1 6 b
F G 1 6 c
F G 1 9
F G 1 5

Calcium

17.8
17.9
18.6
17.5
17.7
22.1
22.0
21.1
23.2
23.0
23.2
22.6
23.2
22.8
23.2
22.7
28.0
21.8
23.0
22.7
28.2
26.5
30.1
21.3
26.8

18.3
19.4
22.8
20.0
18.4
20.0
39.4
23.1
23.2
43.2
33.1

Magnesium

1.43
1.42
1.47
1.40
1.42
1.93
1.92
1.95
2.49
2.62
2.62
2.54
2.60
2.55
2.59
2.54
4.01
2.47
2.60
2.60
4.08
3.90
5.00
2.63
4.19

1.44
1.71
1.98
1.74
1.50
1.65
7.75
2.39
2.72
8.95
8.07

Sodium Potassium
Stream sample s

1.3
4.0
42
w.v

3.6
1.5
2.0
2.0
2.0 2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
1.9
2.0
2.0
2.1
2.0
2.1
1.6 1-0
1.9

I n f l o w sampl e s
3.4
1.3
1.8
1.6
2.9
2.7
1.6
2.5
2.7
1.6
2.5

C h l o r i d e

.1
3.4
3.4
3.3
3.3

.4
1.0
1.1
1.1
1.2
1.3
1.2
1.2
1.2
1.2
1.2
1.1
12
1.2
1.1
1.2
1.1
1.1

.8
1.1

3.1
.2
.9
.7

2.6
2.4

.3
2.2
2.4

.4
2.1

S u l t a t e

10.6
10.6
10.6
10.6
10.6
15.3
14.3
15.1
20.6
21.5
21.9
22.5
23.6
23.5
21.5
23.1
46.7
21.6
21.6
24.4
44.6
46.3
62.0
25.7
53.4

10.8
12.8
16.2
12.7
11.3
12.6
76.6
23.2
26.2
86.7
95.6

Bicarbonate

39-4
39.9
40.4
40.2
39.4
47.9
45.4
44.8
47.2
45.1
45.7
45.3
45.6
45.1
44.8
46.2
43.5
45.1
45.8
45.0
42.0
42.5
40.4
39.1
39.9

39.1
42.9
48.5
44.8
39.8 .
40.9
52.3
41.6
40.3
56.9
36.0

34



Continued
— — ^ — — — S i t e Calcium Magnes.um *™™< "-—- _ _________ — — — — — — — — — — —

—— . — ——— •S i t e
_ _ _ > — — — — — — — ' —

_ — — —— •Calcium- ——— — —
. —— — — — — — —Magnesium_ _ — — — > — — — —

—— . ' "—Sodium— — •"•
. — — — — — — — —Potassium_ — — — — — — —

..
Chloride •-

_ .
S u t t a f e —

_
Bicarbonate__ — ^—— ^^—. — — — — — — — — — — — — — — — — — i n f l o w samples— Continued

857
1,073
1266
1,605
1,701
1,980
2,150
2,400
2,422

1,826
1,869
1,920

F G 2 2
FG27
F G 3 2
F G 3 6 b
F G 3 8
F G 5 1
F G 5 4
F G 4 4
FG56

F G 3 9 b
F G 4 0
F G 4 1

72.6
63.8
23.3
24.7

• C-.

22.7
30.0
52.8
39.3

36.1
35.5
34.8

142
6.07
2.57
2.94

-
2.53
4.68

12.2
7.72

B u l l h i d e
626
5.97
5.72

2.0
3.4
2.0
1.7
3.7
1.4
2.0
2.7
2.5 ' •u ' ~

2.0

2.0

1.0

.4

.3
1.1

.9
1.5

.9
1.1
1.4
1.2

104
59.9
23.2
29.3

453
23.2
60.7

176
97.2

124
119
43
43
26
41
39

.4

.1

.3

.1

.9
29.6
37 .5

F a u l t surface f l o w
22.
2.2
22 1.0

1.2
1.2
1.2

76.7
76.4
67.3

39.6
40.4
41.3

35



A p p e n d i x 5. Concentration of metals in water f r o m synopt i c s a m p l i n g sites along French Gul ch , Co lorado , July 26,1996
(Gis t , distance downstream from I n j e c t i o n site, In meters; S i t e , f i e l d sample Ident i f i e r; concentration In mlcrograms per l i t er; -d , d i s so lved concentration; '. , total recoverable concentration; Al,
a luminum; C d , cadmium; C u , c o p p e r ; F e , iron; M n , manganese; P b , l e a d ; Z n , zinc. Blank entr ie s i n d i c a t e concentrat ions below d e t e c t i o n l i m i t s ]

Dlst S i t e Al-d Al-t Cd-d Cd-t Cu-d Cu-t Fe-d Fe-t Mn-d Mn-t Pd-d Pd-t Zn-d Zn-t
Stream sample s

0 FGOO
84 F G 0 3

234 F G 0 5
516 T S 0 2
631 F G 0 9
744 F G 0 9 d
799 T S 0 3
825 F G 1 7 D
881 FG18
981 F G 2 5

1,087 F G 2 8
1,161 T S 0 4
1,242 FG31
1,356 F G 3 3
1,515 F G 3 5
1,651 T S 0 5
1 ,751 F G 3 9
1,880 F G 5 0
2,080 F G 5 2
2,150 F G 5 3
2,200 F G 5 5
2,388 F G 4 5
2,536 T S 0 6
2,540 F G 4 6

55.0

62.0
63.0
72.0
69.0
81.0
57.0
68.0
55.0
48.0

76.0 55.0
66.0
43.0
77.0
40.0

40.0
43.0
44.0

2.0
4.0
8.0
8.0
8.0
8.0
8.0
7.0
7.0

11.0
7.0
7.0
7.0

10.0
9.0

12.0
3.0

1.0
2.0
4.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0

12.0 2.0
8.0 1 .0
8.0
8.0

12.0
11.0
12.0 2.0
4.0

8.0

1.0 6.0
6.0

13.0
2.0 13.0

9.0
16.0

1.0 11.0
11.0
23.0

1.0 34.0
2.0 11.0
1.0 6.0

19.0
36.0
26.0

2.0 53.0

74.9
19.9
24.3
24.9
23.0

6.4
69.9
82.0
64.9
88.2
80.7
93.6
82.2
79.9
64.5
58.2
77.9
40.1
44.7
51.8

114
118
204

61.2

3.0
2.0
2.0
1.0
2.0

60.0
111
302
305
289
292
281
285
271
809
243
249
237
631
603

1,090
14.0

6.0
4.0
4.0
2.0
4.0

4.0
67.0

119
320
314
313
307
308
299
291
851
266
270
254
667
617

1,120
18.0

1.0
1.0

1.0
1.0

, 2.0
: 2.0

2.0

1.0

1.0
1.0
1.0
1.0

1.0 3.0
1.0 3.0

' 5.0
2.0

8.5
7.3
9.3

15.5
14.1
10.2
47.8

368
699

1,570
1,590
1,520
1,540
1,480
1,500
1,430
3,180
1,340
1,360
1,350
2,980
2,880
4,510

647

10.2
8.1

10.6
14.8
17.4
11.2
50.5

372
704

1,570
1,550
1,560
1,570
1,570
1,520
1,490
3,240
1,420
1,430
1,410
3,060
3,020
4,740

702
I n f l o w sampl e s

333 F G 0 6
530 MW9
694 F G 0 9 b
695 F G 0 9 c

1.0 9.0
26.8

8.2
39.8

2.0

2.0

1.0
i1

1.0

13.6

8.1
16.9

14.8

11.2
17.0



A p p e n d i x 5. Concentration of metals in water f rom synoptic s a m p l i n g sites along French Gulch , Colorado, July 2 6 , 1 9 9 6 — C o n t i n u e d

Dlst S i t e Al-d A l - t Cd-d Cd-t Cu-d Cu-t Fe-d Fe-t Mn-d Mn-t Pd d Pd-t Zn d Zn-t
I n f l o w sample s— Cont inued

7 4 5 F G 1 0
769 F G 1 2
784 F G 1 3
812 F G 1 6
8 1 3 F G 1 6 b
814 F G 1 6 c
840 FG19
840 FG15
857 F G 2 2

1,073 F G 2 7
1,266 F G 3 2
1,605 F G 3 6 b
1,701 F G 3 8
1,980 F G 5 1
2,150 F G 5 4
2,400 F G 4 4
2,422 F G 5 6

119
0.0

127 1.0
20.0

2.0
10.0
21.0

278 76.0
3.0

210 5.0
4.0

58.0 58.0 121.0
3.0

131 12.0
25.0
17.0

1.0
1.0 1.0
1.0

18.0
2.0

11.0 1.0
20.0
76.0 4.0

3.0

6.0
5.0

130.0 13.0
4.0

13.0 1.0
31.0
20.0

7.0

61.0
3.0 60.0

10.0
8.0 55.0

31.0

9.0
14.0 182

12.0
1.0 48.0

178
159

136
48.4

183
38.8

115
122

15.8
637

277
183

13.9
201

20.7
154

1,030
420

5.0
297
466

3.0
3,480

92.0
134

12.0
13.0

15,300
12.0

832
5,010
2,360

7.0
4.0

15.0
8.0

311
458

4.0
3,450

97.0
183
37.0
14.0

17,100
14.0

922
5,400
2,320

3.0 37.2
1.0 76.2
5.0 122

5,410
641

2,140
1.0 5,620
3.0 16,300

2,020
7.3

2.0 1,040
737

24.0 21.0 43,900
470

2.0 5.0 3,740
4.0 17.0 17,100
1,0 8.0 8,640

58.5
79.8

135
5,080

637
2,000
5,550

15,800
2.000

10.8
1,100

750
47,200

487
3,990

18,000
8,640

B u l l h l d e F a u l t s u r f a c e f l o w
1,826 F G 3 9 b
1,869 F G 4 0
1,920 FG41

16.0
14.0

54.0 13.0

17.0
13.0
14.0

2.0 428
1.0 196

122

929
427
374

1,510
1,470
1,310

1,600
1,520
1,360

14.0 5,930
6.0 5,400

1.0 | 6.0 4,910

1

I

6,150
5,400
4,960



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996
S a m p l i n g
S t a t i o n

F G - 1
F G — 3
F G - 5
C B M A - 1
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6 A
F G - 7
F G - 8
F G - 9 A
1121
M G B - 1
R L C V T - 1
F G - 9
FG — 9 Day .12
BR-1
BR-2
BR-3
S R - 1
SR — 1 R e p l i c a t e
BR-5
BR — 5 R e p l i c a t e

S a m p l e C o l l e c t i o n
Data & T i m e

7 / 2 2 / 9 6 ©1850
7 / 2 2 / 9 6 ©1750
7 / 2 2 / 9 6 ©1655
7 / 2 3 / 9 6 ©1435
7 / 2 2 / 9 6 ©1620
7 / 2 2 / 9 6 ©1550
7 / 2 2 / 9 6 ©1605
7 / 2 2 / 9 6 ©1525
7 / 2 2 / 9 6 ©1445
7 / 2 2 / 9 6 ©1405
7 / 2 2 / 9 6 ©1330
7 / 2 3 / 9 6 ©1525
7 / 2 3 / 9 6 ©1353
7 / 2 3 / 9 6 ©1345
7/22/96 ©1230
7 / 2 3 / 9 6 ©1255
7 / 2 3 / 9 6 ©121 5
7 / 2 3 / 9 6 ©11 40
7 / 2 3 / 9 6 ©1000
7 / 2 3 / 9 6 ©11 00
7 / 2 3 / 9 6 ©11 00
7 / 2 3 / 9 6 ©09 15
7 / 2 3 / 9 6 ©09 15

F l o w
c f s

9.41
9.71
3.29

0.316
* 0.067

0.226
* 0.006

0.207
11.6
3.73
14.9

_ _ _ _ _
•0.017

* 1.75
13.9
12.7
65,4
78.8
121

28.5

175

F i e l d M e a s u r e m e n t s -
T e m p Cond

*C p m h o s / c m

12.7
11.8
12.5

5.5
11.5
14.3

6.9
17.3
10.7

9.3
10.6

5.1
10.6
7.0
9,3
8.6

13.1
12.0
10.4

9.7

11.1

67.5
77.3
82.3
315

2770
2090

425
1722

166 .
105
147
653
146
145
142
143

70.2
83.7
87.2
83,6

85.2

PHsu

7.87
8.04
8.01
7.47
6.32
6.47
6.62
6.24
7.67
7.74
7.87
6.70
7.66
7.50
7.75
7.52
8.12
8.24
8.02
7.93

8.01

A l k
m g / l

32.9
38.3
38.6
124

14.0
5.40

<5
39.6
38.3
39.4
24.0
33.5
33.9
34.5

37.9
36.8
39.9
39.7

41.6

T S S
m g / l

<4
<4
<4
<4
77
48

31
<4
<4
<4
<4
<4
<4
<4

<4
<4
<4
<4

<4

Fm g / l

<0.2
<0.2
<0.2
0.29
<0.2
<0.2

<0.2
<0.2
<0.2
0.20
0.33
0.20
<0.2
<0.2

0.21
0.21
0.20
<0.2

0.20

Cl
m g / l

1.21
1.31
1.29
1.56
3.87
2.72

2.51
1.43
1.40
1.49
2.19
1.67
1.61
1.58

1.82
1.79
2.56
1.65

2.56

SO,
m g / l

12.8
11.7
13.2
100

2690
1660

1160
59.7
25.7
47.9
466

47.7
50.7
50.2

6.9
135
12.3
12.7

13.2

Brm g / l

<0.5
<0.5
<0.5
<0.5
1.98
<0.5

<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

<0.5
<0.5
<0.5
<0.5

<0.5

* F l o w f or these s t a t i o n s wa s e s t ima t ed onsi te .



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996
S a m p l i n gS t a t i o n

F G - 1
F G - 3
F G - 5
C B M A - 1
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6 A
F G - 7
F G - 8
F G - 9 A
1121
M G B - 1
R L C V T - 1
F G - 9
FG — 9 Day #2
BR-1
BR-2
BR-3
S R - 1
S R — 1 R e p l i c a t e
BR-5
BR — 5 R e p l i c a t e

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 2 / 9 6 @1 850
7 / 2 2 / 9 6 @ 1750
7 / 2 2 / 9 6 @1 655
7/23/96 @1 435
7 / 2 2 / 9 6 @1620
7 / 2 2 / 9 6 @1 550
7/22/96 @1605
7/22/96 @1 525
7/22/96 @1445
7 / 2 2 / 9 6 @1405
7 / 2 2 / 9 6 @ 1330
7 /23/96@ 1525
7 / 2 3 / 9 6 @1353
7/23/96 @ 1345
7 / 2 2 / 9 6 @1 230
7/23/96 @ 1255
7/23/96 @1 21 5
7/23/96 @1 140
7/23/96 @1 000
7 / 2 3 / 9 6 @1 100
7/23/96 @1 100
7/23/96 @091 5
7 / 2 3 / 9 6 @09 15

pHsu

7.87
8.04
8.01
7.47
6.32
6.47
6.62
6.24
7.67
7.74
7.87
6.70
7.66
7.50
7.75
7.52
8.12
8.24
8.02
7.93

8.01

A l k H a r d n e s sm g / l m g / l

32.9
38.3
38.6
124

14.0
' 5.40

<5
39.6
38.3
39.4
24.0
33.5
33.9
34.5

37.9
36.8
39.9
39.7

41.6

40.6
46.4
46.1
224

1720
1230

908
96.2
63.6
84.7
446

81.5
86.1
83.7

41.7
48.8
50.1
49.9

52.3
51.5

Cd-tp g / i
<0.5
<0.5
<0.5

2.9
284
114

10.4
72.5
10.6

3.2
7.6
136
6.1
6.2
4.5
7.6

<0.5
1.3
0.9

<0.5
<0.5

1.0

C d - dp g / i

<0.5
<0.5
<0.5

2.0
281
114

71.0
11.9

3.0
8.9
136
5.4
5.5
5.6

<0.5
1.1
0.5

<0.5

<0.5
0.7

Cr-t
P 9 / I

<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

• <4
4.4
<4
<4
<4
<4
<4
<4

Cr-dp g / i
<4
<4
<4
<4
<4
<4

<4
<4
<4
<4
<4
<4
<4
6.2

<4
<4
<4
<4

<4
<4

Cu-tp a / i

<0.8
<0.8
<0.8
<0.8
12.8
10.9

1.3
5.2
1.0
1.1
1.8

16.7
0.8

<0.8
<0.8
<0.8
<0.8
<0.8
<0.8
<0.8
<0.8
<0.8

Cu-d Ip a / i
1.5

<0.8
<0.8
<0.8

8.0
4.2

2.3
<0.8
<0.8
<0.8
15.3
<0.8
<0.8
<0.8

<0.8
<0.8
<0.8
<0.8

<0.8
<0.8

NOTE: "-t" = T o t a l Recoverable -d" = D i s s o l v e d



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996
S a m p l i n gS t a t i o n

F G - 1
F G - 3
F G - 5
C B M A - 1
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6 A
F G - 7
F G - 8
F G - 9 A
1121
M G B - 1
R L C V T - 1
F G - 9
FG— 9 Day #2
BR-1
BR-2
BR-3
S R - 1
SR — 1 R e p l i c a t e
BR-5
BR — 5 R e p l i c a t e

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 2 / 9 6 @1 850
7 / 2 2 / 9 6 @1750
7/22/96 @ 1655
7/23/96 @1 435
7/22/96 @1620
7/22/96 @1550
7/22/96 @1605
7 / 2 2 / 9 6 @1525
7/22/96 @1 445
7/22/96 @ 1405
7 / 2 2 / 9 6 @1 330
7/23/96 @1525
7/23/96 @1353
7 / 2 3 / 9 6 @1345
7/22/96 @1230
7/23/96 @ 1255
7/23/96 @1 215
7 / 2 3 / 9 6 @1 140
7/23/96 @1000
7/23/96 @1 100
7 / 2 3 / 9 6 @1 100
7/23/96 @0915
7/23/96 @0915

PHsu

7.87
8.04
8.01
7.47
6.32
6.47
6.62
6.24
7.67
7.74
7.87
6.70
7.66
7.50
7.75
7.52
8.12
8.24
8.02
7.93

8.01

A l k H a r d n e s sm g / l m g / l

32.9
38.3
38.6
124

14.0
' 5.40

<5
39.6
38.3
39.4
24.0
33.5
33.9
34.5

37.9
36.8
39.9
39.7

41.6

40.6 .
46.4
46.1
224

1720
1230

908
96.2
63.6
84.7
446

81.5
86.1
83.7

41.7
48.8
50.1
49.9

52.3
51.5

A g - tp g / i
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

A g - dp g / i
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

<0.2
<0.2
<0.2
<0.2

<0.2
<0.2

Zn-t/ / g / i
7.0
8.4

14.6
3000.4

255690
154020

18772
107700
4618.3

681.3
3381.1
50549
1616.8
2083.4
2270.1
2293.6

8.8
415.1
147.7

10.0
8.2

113.6

Zn-d
/ / 3 / I

19.6
15.6
32.6

2796.0
244820
149000

102530
4483.6

658.7
3304.1
50447
1536.6
2012.2
2216.4

8.8
376.7
131.2

7.2

98.7
99.0

A l - t^g/i
<40

43
<40
<40
306
317
<40
255
<40

55
<40

59
194
<40
<40

' <40.
76
63

344
72
55

121

A l - dp g / i
<40
<40
<40
<40
118
<40

46
156

55
<40

81
<40
<40

80

<40
<40
<40
<40

<40
<40

N O T E : ' - f = T o t a l Recoverable "-d" = Dis so lved



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996
S a m p l i n gS t a t i o n

F G - 1
F G - 3
F G - 5
C B M A - 1
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6 A
F G - 7
F G - 8
F G - 9 A
1121
M G B - 1
R L C V T - 1
F G - 9
FG — 9 Day #2
BR-1
BR-2
BR-3
S R - 1
c 13 -iOrf — 1 R e p l i c a t e
BR-5
BR — 5 R e p l i c a t e

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 2 / 9 6 @1850
7 / 2 2 / 9 6 @1750
7/22/96 @1655
7/23/96 @1435
7 / 2 2 / 9 6 @1620
7/22/96 @1550
7/22/96 @1605
7 / 2 2 / 9 6 @1 525
7 / 2 2 / 9 6 @1 445
7 / 2 2 / 9 6 @1405
7/22/96 @1 330
7/23/96 @1525
7 / 2 3 / 9 6 @1353
7/23/96 @1345
7 / 2 2 / 9 6 @1230
7/23/96 @1255
7 / 2 3 / 9 6 @1215
7/23/96 @1 140
7/23/96 @1000
7/23/96 @1 100
7 / 2 3 / 9 6 @1100
7/23/96 @0915
7/23/96 @0915

pHsu

7.87
8.04
8.01
7.47
6,32
6.47
R RO

6.24
7.67
7.74
7.87
6.70
7.66
7.50
7.75
7 S9

8.12
8.24
8.02
7.93

8.01

A l km g / l

32.9
38.3
38.6
124

14.0
' 5 . 4 0

<5
39.6
38.3
39.4
24.0
33.5
33.9
34.5

37.9
36.8
39.9
39.7

41.6

H a i d n e s a N i - t N i - dr n g / l / i g / l / / g / l

40.6 <10 <10
46.4 <10 <10
46.1 <10 <10
224 <10 <10

1720 283.4 281.7
1230 161.6 170.2

\ "7 ft

908 112.9 . 115.1
96.2 <10 <10
63.6 <10 <10
84.7 <10 <10
446 43.0 57.5

81.5 <10 <10
86.1 <10 <10
83.7 ' <10 <10

41.7 <10 <10
48.8 <10 <10
50.1 <10 <10
49.9 <10 <10

52.3 <10 <10
51.5 ——— <10

As-t As-d

<1 <1
<1 1.20

1.20 <1
<1 1.30

4.70 4.20
<1

3.20 <1
<1 <1
<1 1.00<1 <1<1 <1
<1 1.00<1 <1<1
<1 <1
<1 1.10<1 <1<1
<1 <1

NOTE: "-V = T o t a l Recoverable "-d" = Dis s o lv ed



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996
S a m p l i n gS t a t i o n

F G - 1
F G - 3
F G - 5
C B M A - 1
F G - 6 C
F G - 6 B
F G - 6 D
F G - 6 A
F G - 7
F G - 8
F G - 9 A
1121
M G B - 1
R L C V T - 1
F G - 9
F G - 9 D a y # 2
BR-1
BR-2
BR-3
S R - 1
SR — 1 R e p l i c a t e
BR-5
BR — 5 R e p l i c a t e

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 2 / 9 6 @ 1850
7 / 2 2 / 9 6 @1 750
7/22/96 @ 1655
7/23/96 @ 1435
7/22/96 @ 1620
7 / 2 2 / 9 6 @1550
7 / 2 2 / 9 6 @1 605
7/22/96 @1525
7/22/96 @1 445
7/22/96 @1 405
7 / 2 2 / 9 6 @1 330
7/23/96 @1 525
7/23/96 @1 353
7 / 2 3 / 9 6 @ 1345
7 / 2 2 / 9 6 @1 230
7/23/96 @1 255
7/23/96 @1 21 5
7/23/96 @1 140
7 / 2 3 / 9 6 @1 000
7/23/96 @1 100
7/23/96 @1 100
7/23/96 @0915
7/23/96 @091 5

PHsu

7.87
8.04
8.01
7.47
6.32
6.47
6.62
6.24
7.67
7.74
7.87
6.70
7.66
7.50
7.75
7.52
8.12
8.24
8.02
7.93

8.01

A l k H a r d n e s sm g / l m g / l

32.9
38.3
38.6
124

14.0
1 5.40

<5
39.6
38.3
39.4
24.0
33.5
33.9
34.5

37.9
36.6
39.9
39.7

41.6

40.6
46.4
46.1
224

1720
1230

908
96.2
63.6
84.7
446

81.5
86.1
83.7

41.7
48.8
50.1
49.9

52.3
51.5

F e - tp s / i
40.7
35.0
26.3

1095.7
355400
174250
8250.7
109870

283.7
118.6
153.4
417.1
297.3

46.5
38.4
44.0

150.7
133.7
194.4

72.6
67.2

116.3

F e - dp a / i
14.0

<5
18.1

526.9
339140
163200

95411
96.8

5.6
28.6

117.1
<5
<5

38.2

20.6
20.2

6.8
6.3

<5
<5

Pb-tvaii
<0.8
<0.8
<0.8

1.9
397.47
230.39

<0.8
144.68

6.5
3.7
4.2

45.76
4.7
1.4
5.6
5.5
1.2
1.1

<0.8
<0.8
<0.8
<0.8

Pb-dp a / i
<0.8
<0.8
<0.8
<0.8
59.0
12.8

1.1
0.9

<0.6
<0.8
23.7
<0.8
<0.8

3.4

<O.B
<0.8
<0.8
<0.8

<0.8
<0.8

M n - t
P 8 / I

4.8
5.0
2.8

892.3
98609.0
60213.8

6806.0
42337.3

1165.6
19.7

804.9
17213.7

8.5
11.7
32.5
31.1
18.7
20.9

9.8
7.6
7.4
7.6

Mn-d
P 3 / I

6.0
3.6
6.8

862.4
100857

60635.5

41105.8
1119.1

15.8
777.8

17746.9
1.4
7.2

30.7

6.1
9.7
3.2
4.4

3,7
3.4

NOTE: "-t" = T o t a l Recoverable •-d" = Dis so lved



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996

S a m p l i n gS t a t i o n

M W - 1
MW— 1 Repl i ca t e
M W - 3
M S R W - 3
M W - 9
M W - 1 6
M W - 2 0
ORO-1

S a m p l e C o l l e c t i o n
Date & T i m e

7 / 2 2 / 9 6 @1 832
7 / 2 2 / 9 6 ® 1832
7/22/96 @1 855
7 / 2 2 / 9 6 @1 842
7 / 2 2 / 9 6 @1 71 9
7 / 2 2 / 9 6 ©1810
7 / 2 2 / 9 6 @1702
7 / 2 2 / 9 6 @1 740

F l o w T e m p C p n d
cts *C p m h o s / c m

A Q

9 2
7 3

— — — 9 . 3
C q

— — — — 9 . 0

2080

2510
2110

362
2120

259
1530

p Hsu

6 . 3 1 '

5.90
5.50
7.32 '
6.22
7.17
5.02

A l km g / l

95.5

83.2
21.6
100
126

94.7
6.10

T S S
m g / l

31

60
61
<4
38
61
34

F
m g / l

<0.2

<0.2
0.33
0.20
<0.2
0.25
0.64

Cl
m g / l

2.01

2.89
1.96
1.52
1.96
1.64
2.71

SO,
m g / l

1880

2580
1960

164
1900
85.2

1290

Br
m g / l

<0.5

2.13
1.89
<0.5
<0.5
<0.5
<0.5



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996

S a m p l i n g
S t a t i o n

M W - 1
M W — 1 H e p l l c a l .
M W - 3
M S R W - 3
M W - 9
M W - 1 6
MW-20
ORO-1

S a m p l e C o l l e c t i o nDate & T i m e

7/22/96 @1832
T / O O / O C rf^^(3QO

7 / 2 2 / 9 6 @1855
7/22/96 @1842
7 / 2 2 / 9 6 @1 71 9
7 / 2 2 / 9 6 @ 1810
7/22/96 @1702
7 / 2 2 / 9 6 @1740

pHsu

6.31

5.90
5.50
7.32
6.22
7.17
5.02

A l km g / l

95.5

83.2
-21.6

100
126

94.7
6.10

. H a r d n e s sm g / l

1480

1540
1470

257
1600

135
947

N i - t N i - d

140.5 147.2
141 9

202.6 195.8
112.9 118.5 .

<10 <10
154.6 146.3

<10 • <10
112.9 121.7

As~t

75.30
71.20
31.40
10.80

<1
32.00

3.80
12.50

As-d

39.60

21.70
4.70

<1
19.10

<1
6.60

NOTE: "-t" = T o t a l Recoverable "-d" = Dis s o lv ed



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996

S a m p l i n gS t a t i o n

M W - 1
M W — 1 R e p l i c a l e
M W - 3
M S R W - 3
M W - 9
M W - 1 6
M W - 2 0
ORO-1

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 2 / 9 6 @1 832
7 / 2 2 / 9 6 @ 1832
7/22/96 @1855
7/22/96 @ 1842
7/22/96 @1719
7/22/96 @1810
7 / 2 2 / 9 6 @1702
7/22/96 @1 740

pHsu

6.31

5.90
5.50
7.32
6.22
7.17
5.02

A l km g / l

95.5

83.2
21.6
100
126

94.7
6.10

H a r d n e s sm g / l

1480

1540
1470

257
1600

135
947

F e - tp g / i

,166050
165320
368280
175680

247.4
131800
4187.8
76830

F e - d
VQH

149110

325160
163590

10.4
119050

<5
68890

Pb-t/ ^ g / i

1233.3
1232.1
486.62
727.59

5.3
21.8
17.8

820.57

Pb-dp g / i

509.37

374.40
327.22

<0.8
5.6

<0.8
608.60

Mn-t/ < g / i

47035.4
46986.0
82210.2
49179.8

' 112,9
40329.5

143.4
33919.2

M n - d
/ ' Q / l

45718.2

76710.5
50192.4

94.0
38889.7

45.2
32647.4

N O T E : ' - f = T o t a l Recoverable •—d" = D i s s o l v e d



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996

S a m p l i n gS t a t i o n

M W - 1
M W — 1 R e p l f c a t .
M W - 3
M S R W - 3
M W - 9
MW-1 6
M W - 2 0
ORO-1

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 2 / 9 6 @ 1832
7 / 2 2 / 9 6 @ 1832
7 / 2 2 / 9 6 @1855
7/22/96 @ 1842
7/22/96 @1719
7 / 2 2 / 9 6 @1810
7 / 2 2 / 9 6 @1702
7/22/96 @1740

P Hsu

6.31

5.90
5.50
7.32
6.22
7.17
5.02

A l k H a r d n e s sm g / l m g / l

95.5

83.2
.21.6

100
126

94.7
6.10

1480

1540
1470
257

1600
135
947

A g - t
/«|/l

' <0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
1.10

A g - dp g / i

<0.2

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

Zn-tp g / i

191010
190660
230010
213800

100.9
142660

142.8
166840

Zn-dp g / i

177090

205120
205700
. 92.5
131150

38.7
155530

A l - tA * g / i

560
583

1979
4063

60
1128
3817
2577

A l - d/ < g / i

180

81
1050
<40
<40
<40

1905

NOTE: "-t" = T o t a l Recoverable "-d" = Dis so lved



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996

S a m p l i n gS t a t i o n

M W - 1
M W — 1 R e p l i c a t e
M W - 3
M S R W - 3
M W - 9
M W - 1 6
M W - 2 0
ORO-1

S a m p l e C o l l e c t i o nDate & T i m e

7/22/96 @ 1832
7/22/96 @1832
7 / 2 2 / 9 6 @1855
7/22/96 @1 842
7/22/96 @1719
7/22/96 @1810
7/22/96 @ 1702
7/22/96 @1 740

pHsu

6.31

5.90
5.50
7.32
6.22
7.17
5.02

A l k H a r d n e s sm g / l m g / l

95.5

83.2
. 21.6

100
126

94.7
6.10

1480

1540
1470

257
1600

135
947

Cd-tp g / i

187
186
193
597
2.6

91.3
2.5

343

Cd-dp g / i

156

173
589
2.1

78.4
1.9

323

Cr-t/ j g / i

<4
<4
<4
<4
<4
<4
<4
<4

Cr-df g / i

<4

<4
<4
<4
<4
<4
<4

Cu-tp g / i

186.6
190.0

12.4
207.1

1.0
1.9

10.9
178.9

Cu-dp g / i

20.2

<0.8
183.7
<0.8
<0.6

1.4
69.6

NOTE: "-t" = T o t a l Recoverable "—d" = D i s s o l v e d



F R E N C H G U L C H B A C K G R O U N D W A T E R C H E M I S T R Y D A T A : J u l y 22-23, 1996

S a m p l i n gS t a t i o n

M W - 1
MW — 1 R e p l i c a t e
M W - 3
M S R W - 3
M W - 9
M W - 1 6
MW-20
ORO-1

S a m p l e C o l l e c t i o nDate & T i m e

7 / 2 2 / 9 6 @ 1832
7/22/96 @1832
7 / 2 2 / 9 6 @1 855
7 / 2 2 / 9 6 @ 1842
7/22/96 @1 71 9
7 / 2 2 / 9 6 @1 810
7/22/96 @1702
7 / 2 2 / 9 6 @1740

T O G N H ,m g / l m g / l

<1.5 0.19

1.6 0.40
1.6 0.17

<1.5 <0.05
<1.5 0.16
<1.5 <0.05

6.7 0.21

N C y N O ,m g / l

,0.05

0.07
0.05

<0.05
<0.05
<0.05
<0.05

m g / l

0.05

<0.02
0.02

<0.02
<0.02

0.07
0.03

Ca-dm g / l

385.6

380.4
376.0
90.80
432.8
43.08
242.5

M g - d H a r d n e s sm g / l m g / l

126.4

144.5
130.1

7.39
126.3

6.55
82.98

1460

1540
1470

257
1600

135
947

N a - dm g / l

13.31

11.67
12.81

2.79
13.15
22.57

9.34

K - dm g / l

3.9

4.4
2.4
1.1
1.1
1.7
4.5

NOTE: "-d" = D i s s o l v e d



F R E N C H G U L C H Q A / Q C D A T A : J u l y 2 3 , 1996

S a m p l i n gS t a t i o n

QC-1
QC-2
QC-3
QC-4

F R E N C H

S a m p l i n g
S t a t i o n

QC-1
QC-2
QC-3
QC-4

S a m p l e C o l l e c t i o n
Date & T i m e

7/23/96 @1015
7 / 2 3 / 9 6 ©1015
7 / 2 3 / 9 6 @1015
7/23/96 @1 01 5

D e s c r i p t i o n T O G N H , N C y N O , P O . As-t C d - t Cu-t Pb-t A g - tm g / l m g / l m g / l m g / l p g / l / i g / l p g / l p g / l / j g / l

Container Blank ——— —— - ——— ——— <1 <0.5 <0.8 <0.8 <0.2
FilterBlank ——— —— '— —— — ----- <1 <0.5 <0.8 <0.8 <0.2
HNOjBlank ——— ——— ——— ——— <1 <0.5 <0.8 <0.8 <0.2
H 2 S O 4 B l a n k <1.5 <0.05 <0.05 <0.02 - — — — — — — — — — — — — —

A l - tf g / i

<40
<40

56

G U L C H Q A / Q C D A T A : J u l y 2 3 , 1996

S a m p l e C o l l e c t i o n
Date & T i m e

7 / 2 3 / 9 6 @1015
7 / 2 3 / 9 6 @1015
7 / 2 3 / 9 6 @1015
7 / 2 3 / 9 6 (§1015

D e s c r i p t i o n Cr-t F e - t Mn-t N i - t Zn-t
/ < g / l p g / l p g / l iig/i p g / l

Container Blank <4 5.5 <1 <10 4.3
FilterBlank <4 <5 <1 <10 <4
H N 0 3 B l a n k <4 13.0 <1 <10 <4
H j S O j B l a n k — — — — — — — — - - — — — _ _ _ _ _

N O T E : "-r = T o t a l Racoverable



R A D O N A B A T E M E N T S Y S T E M S , I N C .

S t a b l e I s o t o p e s and Metal Concentrat ions in F r e n c h G u l c h , CO
Phase I ReportIntroduct ion

T h i s invest igation is designed to resolve the roles of groundwater and surface waters in "toxicr u n o f f during the major S p r i n g snowmelt in the French Gul ch mining area, Colorado (see forexample, Lawrence, 1987). The f i e l d investigation is being conducted in two phases.
1. Phase I provides baseline s table i so topic and metal concentration data (Cd, Fe, and Zn) forgroundwaters and surface waters (spr ings , creek, snowpack) in French Gulch. If s u f f i c i e n tstable i so topic contrast exists between the snowpack and groundwaters/creek waters, a Phase IIinvestigation would be carried out during the snowmelt event
2. Phase n will provide information on the relative contributions of groundwater and snowmelt inFrench Creek at various stages of the S p r i n g thaw. Groundwaters and surface waters wouldbe sampled three times at one- to two-week intervals during the snowmelt event of the S p r i n gof 1996. A f ina l survey of groundwaters and surface waters may also be conducted a f t er thewatershed has returned to normal summer f l o w , at the discretion of the Colorado Division ofMinerals and Geology.

Phase I S c o p e of Work
The baseline sampl ing was conducted by Radon Abatement S y s t e m s (RAS), Inc. on March 20,1996. Ten water sample s and one snow sample from a total of ten sites were co l l e c t ed prior tos ignificant mel t ing of the snowpack. The sample s are described in T a b l e 1.

T a b l e 1 - S a m p l e d S i t e s f o r F r e n c h G u l c h S t a b l e I s o t o p e I n v e s t i g a t i o n (Phase I )
S a m p l e #
FG0001
FG0002
FG0003
FG0004
FG0005
FG0006
FG0007
FG0008
FG0009
FG0010
F G 0 0 1 1

S a m p l e T v p e
Groundwater
Groundwater
Groundwater
Groundwater
Mine Water
French Creek
S p r i n g water
Mine waste water
French Creek
Snow
French Creek

Location
M W # 1 4
MW#9
M W # 1 6
MW#3
#3 Mine

Soil Boring

Grab sample

Comments
Clean, 11-10 f a u l t , shale bedrock
Clean, lower Qal, upgradient from mine
Contaminated, shale bedrock at mine site
Contaminated, alluvial, below mill tai l ings
Relief Well
A t 6 C
Kenny Dog S p r i n g , upgradient from mine
At Roaster Fines
At Country Boy Mine, upstream from site
At MW-9 location
Downstream from mine site

page 1



R A D O N A B A T E M E N T S Y S T E M S , I N C .
________ Nota t i on

Geochemical results are given in m g / l i t e r ( p p m ) . S t a b l e i so topic data are reported using de l ta (d)notation, expres s ing parts per thousand (%o or per mil) d i f f e r e n c e s between the i so tope ratio of thesample and that of the standard, SMOW (Craig, 1961):
= ((R s -RsMOw)/RsMOw) x 1000, where

R = i 8 Q / 1 6 O o r D / H ,
s = sample, and

SMOW = Standard Mean Ocean Water.

Resul t s
The re sul t s of the s tab l e i so topic and geochemical analyses conducted on Phase I samples areshown in T a b l e 2.

T a b l e 2 - S t a b l e I s o t o p i c and Geochemical Data for Phase I S a m p l e s

^̂^̂H S a m p l e #
^^Hj FGOOOl
BR| FG0002
M J B j f FG0003
IWH FG0004

FG0005
FG0006

ill FG0007
S ^ I S H FG0008
" : ' - • " ; ̂  FG0009

F G 0 0 1 0
F G 0 0 1 1

Depth to
Water ( f t)

24.0
20.8
13.6
17.0
13.4
na1

na
na
na
na
na

T ( ° Q
8.6
5.0

10.1
9.4
8.1
7.6
5.6

11.2
4.6
NA
1.0

FEC
f m S / c m )

1885
260

2450
2270
2420
2480
80

25500
180

NA
395

I s o t o p i c Composition Concentration (mg/D
pH d 1 8 O f % o ) dD(%o) Cd Fe Zn
6.26
7.06
5.53
5.39
5.55
5.35
6.32
2.23
6.30
NA

6.03

-17.7
-18.0
-18.9
-18.2
-18.8
-18.7
-21.0
-17.4
-18.0
-27.2
-18.1

-132
-131
-141
-136
-141
-141
-159
-133
-132
-206
-132

0.013
<0.005
0.046
0.12
0.20
0.14
0.072
<0.5

<0.005
N A 2

0.027

1.7
0.51
99.3
211
188
201
16.7

26,900
2.2
NA
1.3

0.39
0.092

96.8
167
165
159
8.4

4,530
0.4
NA

13.4

na = not appl i cab l e , NA = not analyzed

page 2



R A D O N A B A T E M E N T S Y S T E M S , I N C .
S t a b l e I s o t o p i c Resul t s
Groundwaters from French Gulch ( S a m p l e s FG0001 through F G 0 0 0 5 ) exhibit restricted ranges of
d18O (-17.7 to -18.9 %c) and dD (-131 to -142 %o) values. The mean d18O and dD values for thesef i v e groundwater sample s are -18.3 %o and -136 %o, re spec t ively. Contaminated groundwaters

•I Of rom both shale and alluvial bedrock appear to be s l i g h t l y deple t ed in O and deuterium comparedto "clean" sample s (based on only a few sample s). A d d i t i o n a l analyses would be necessary toverify this relationship.
Three sample s from French Creek (FG0006, FG0009, and F G 0 0 1 1 ) exhibit similar d1 8O values(-18.0 to -18.7 %o), and the average value is identical to that for analyzed groundwater sample s(-18.3 %o). dD values for the three stream sample s are also similar (-132 to -141 %o) are close to

1 Rthe theoretical value of -136 %o for a meteoric water with a d O value of -18.3 %o The bestestimate for the s table i sotopic composition of French Creek (on March 20, 1996) is taken to be
d18O = -18.3 %o and dD = -136 %o, equal to the average for analyzed groundwater samples.
Other surface water samples show a larger range of stable i sotopic compositions.
• S a m p l e FG0007 (Kenny Dog Spr ing , located above the mine site) has d1 8O and dD values(-21.0 and -159 %o) that are considerably lower than the other analyzed groundwaters, creekwaters, and springs in French Gulch.
• S a m p l e FG0008 (mine waste water from the Roaster Fines 3 area) has a s l i g h t l y higher (less1 onegative) d O value (-17.4 %o) than other local groundwaters and creek sample s , although themeasured dD value (-133 %o) is within the range exhibited by groundwater samples. T h i s

I Sslight O enrichment may be due to minor evaporation (see discussion below).
1 Q• A grab sample of the snowpack near the MW-9 site has d O and dD values (-27.2 and -206%o) that are d i s t inc t ly lower than all other Phase I samples.

Geochemical and Geophysical Results
As expec t ed , groundwater samples ident i f i ed as being "clean" (FG0001 and FG0002) show lowconcentrations of Cd, Fe, and Zn, relatively low conductivities (<2,000 m S / c m ) , and nearly neutralpH values (between 6.0 and 7.0), whereas groundwaters id en t i f i ed as "contaminated" (FG0003 toF G 0 0 0 5 ) show considerably higher concentrations of these metals (Cd up to 0.2 mg/1, Fe up to211 mg/1, Zn up to 167 mg/1), s l i g h t l y higher conductivities (>2,000 m S / c m ) , and lower pH values(5.39 to 5.55).
The three samples from French Creek show a considerable range of metals concentrations. S a m p l eFG0006 has metals concentrations (Cd = 0.14 mg/1, Fe = 201 mg/1, Zn = 159 m g / 1 ) , electricalconductivity, and pH similar to those of contaminated groundwaters in the area. The other twocreek sample s (FG0009 a n d F G O O l l ) exhibit metals concentrations, electrical conductivities, andpH values similar to "clean" groundwaters in the area.
Other surface water samples show a very large range of metal concentrations.
• S a m p l e F G 0 0 0 8 , mine waste water from the Roaster F i n e s 3 area, has a very highconcentration of Fe (26,900 mg/1) and Zn (4,530 mg/1). The Cd concentration of this sample(<0.5 mg/1) indicates that the sample is relatively less enriched in Cd than in Fe and Zn. Notealso the very low pH value and high electrical conductivity of this sample.

page 3



R A D O N A B A T E M E N T S Y S T E M S , I N C .
• S a m p l e FG0007 (Kenny Dog S p r i n g , located above the mine s i t e) has metal concentrations,pH, and electrical conducitivy that are similar to those of local "clean" groundwaters (seefurther discussion below).
• Metal s , pH, and conductivity analyses were not performed on the snow pack sample

Discussion
The s tab l e i sotopic results for Phase I samples are shown on Figure 1. All sample s f a l l on or nearthe global meteoric water line (MWL), indicating that the data are reasonably accurate and precise,and that none of the sample s has s u f f e r e d large amounts of evaporation. The pos i t ion of the twospring sample s s l i g h t l y to the right of the global M W L , however, may indicate minor evaporation(Figures 1 and 2).
The i sotopic similarity of local groundwaters and samples from French Creek is indicates that theprincipal source of water in the Creek (at the time of sampl ing) is local groundwater.
Most importantly, the strong stable isotopic contrast between local groundwaters and French Creek
s ampl e s (d1 8O = -18.3 ± 0.6 %o) and the snowpack (d18O = -27.2 %c) provides considerablei s o t op i c contrast for conducting the proposed Phase II investigation. Given the analyticaluncertainty of ±0.1 %o for O-isotopic data on water s ampl e s , it will be p o s s i b l e to estimatesnowmelt vs groundwater contributions to French Creek during the snowmelt event with anaccuracy of approximately 2% (as illustrated below).
The distinctive stable isotopic composition of the Kenny Dog S p r i n g sample may indicate that thespring is discharging water that (1) originates from a d i f f e r e n t local aquifer containing a relativelyhigher concentration of winter precipi tat ion, or (2) contains a s igni f i cant proportion of localsnowmelt. F i e l d observations at the time of sampl ing (W. Pedler, pers. comm. to B.M. S m i t h )lead us to favor the second alternative. If it is assumed that Kenny Dog S p r i n g water had anj o _original d O value of -18.3 %o (identical to the mean for French Creek and local groundwater
sample s), the snowmelt had a d18O value of -27.2 ±0.1 %o, and the Kenny Dog S p r i n g sample had
a d18O value of -21.0 ±0.1 %o, the calculated proportion of snowmelt in the sample is 30 ± 2%. Ifthe Kenny Dog S p r i n g sample is di luted with 30% surficial snowmelt (with e s s en t ia l ly no Cd, Fe,and Zn), then the metals concentrations should be s h i f t e d upward to correct for the di lut ion (i.e.,divided by 0.70). T h i s example i l lu s t ra t e s the s imple i so topic mass balancing capab i l i t i e s forsimple, two-component water mixtures.
Although there are strong correlations between metals contamination, low pH, and high electricalconductivity, there is no striking correlation between metal concentrations and s tab le i s o t opecomposit ion of French Gulch surface waters and groundwater samples. Metal concentrations inFrench Creek waters at the time of sampling were not controlled by mixing of discrete, i s o t o p i c a l l yand geochemically distinct waters. Under the hydrologic conditions in which Phase I investigationwas conducted (la t e winter with no s igni f i cant snowmelt), both the creek and the springs haveisotopic composi t ions similar to local groundwater. Contaminated groundwaters, therefore, couldbe responsible for the measured metal contamination in one of the French Creek samples. Othercontaminated surface waters such as the waste waters at the Roaster Fines, also have stable isotopiccomposition compatible with a local groundwater origin.
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R A D O N A B A T E M E N T S Y S T E M S , I N C .
Recommendations
The stable isotopic and geochemical results of Phase I of this investigation are very similar to theanticipated re sul t s , based on our previous studies in Colorado and New Mexico:
Groundwaters and Creek waters are i s o t o p i c a l l y similar and exhibit limited ranges in s table i so topiccomposi t ions.
T h i s preliminary invest igation shows that considerable oxygen i so topic contrasts (8.9 %o) existbetween the snowpack and both the groundwaters and the water currently f l o w i n g in the FrenchCreek. T h i s i s o topi c contrast is large enough to allow meaningful mass balance calculat ions to beper formed for the snowmelt event, with a precision of a few percent. The re sul t s of Phase I of thiss tudy indicate a very high probab i l i ty of success for the proposed Phase II inves t igat ion at FrenchCreek.

References
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I s o t o p e Solu t i on s

S t a b l e I s o t o p i c Inves t iga t ion of a Snowmelt Event in French G u l c h , CO

Phase II Final Report
Introduct ion
When rain or snowmdt interacts with sulfide-bearing rocks, oxidation of s u l f i d e minerals canproduce acid solutions charged with heavy metals that may be toxic to organisms living in nearbystreams and other surface water bodies. In many mining areas in the Western U.S., welldeveloped low-temperature s u l f a t e alteration attests to interactions between groundwaters andsulfide-bearing rocks producing acid solutions for tens or hundreds of thousands of years or more.In cases such as these, the huge scale of the "toxic runof f phenomenon may limit remediationstrategies to those focusing on f l u id management and water treatment It is arguable that miningcompanies are accountable for environmental problems that arise from natural processes (such asgroundwater interactions with naturally occurring sulfide-bearing rocks) unless mining activitieshave somehow exacerbated the situation.
In other mining areas, "toxic runof f may be caused by precipitation or snowmdt interacting withsurface debris such as mine tai l ings or overburden pile s that have been exposed to surface watersdirectly through mining activities. This type of "toxic runof f is likely to be of smaller scale thanthe natural groundwater/host rock interactions described above and e f f e c t i v e remedial designsmight include engineering approaches, such as capping and surface water diversion. It is moredefens ib l e to argue that mining companies should be held accountable for environmental problemswhen mining activities can be demonstrated to cause "toxic r u n o f f . In mining areas a f f e c t e d by" toxic runof f , therefore, it is important to distinguish between the two scenarios outlined above.
This investigation was designed to resolve the roles of groundwater and surface waters in a "toxicrunof f event associated with the major S p r i n g snowmdt in a portion of French Gulch, CO. Thef i d d investigation was conducted in two phases. Phase I was carried out .to provide baseline stableisotopic and geocheinical information on groundwaters and surface waters (springs, creeks,snowpack) in the area. Phase I sampling was conducted on March 20, 1996, prior to thebeginning of the Spr ing mdting event We conducted a Phase II investigation based on the veryhigh likelihood of success suggested by the Phase I data.
In Phase n, groundwaters and surface waters from twdve sites were sampled three times duringthe snowmelt event of the Summer of 1996. Water samples were analyzed for oxygen andhydrogen isotopic composition, as wdl as Cadmium, Iron, and Zinc concentration. F i d dmeasurements induded depth to groundwater, water temperature, and dectrical conductivity.
Analytical Methods and Notation
Oxygen isotope ^SQ/1^) and hydrogen isotope (2H/1H, or D/H) ratios are measured on anautomated gas-source mass spectrometer. Water samples for O-isotope analysis are inlet directlyinto an automated, computer driven gas equilibration system attached to the mass spectrometer.Hydrogen gas samples are prepared for D/H ratio analysis using conventional reduction methodsover zinc beads in closed tubes or equivalent method. The hydrogen gas is inlet to the massspectrometer through an automated inlet system. Analytical reports are automatically printed andelectronically f i l ed in the mass spectrometer computer system.
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Cadmium, Iron, and Zinc concentrations were determined by I n d u c t i v e l y Coupl ed Plasma (ICP)spectrometry and are reported as ppm (~mg/I).
All s table isotopic data are reported using delta (5) notation, expressing parts per thousand (%0 orper mil) d i f f er ence s between the isotope ratio of the sample and that of the standard, V - S M O W :
5 1 8 O o r 5 D = ((Rs-Rv^MOw)/Rv-sMOw) x 1000, where
R =180/160 or D/H,
S = sample, and
V-SMOW = Vienna Standard Mean Ocean Water.
Typical analytical uncertainties (standard deviations from the mean) in the 518O and 5D values ofwater samples using the methods and instrumentation described above are ±0.1 and 1.0 %«,respectively at the 2a (95%) confidence level.
S a m p l i n g Locations
The sampling locations for this investigation are presented in T a b l e 1, below. Phases I and n ofthis, investigation included four periodic samplings of these sites (rising f l o w , peak f l o w , anddecreasing f l ow).

T a b l e 1 - S a m p l e d Site s for French Gul ch S t a b l e I s o t o p e Investigation
S a m p l e T v p e
Groundwater
Groundwater
Groundwater
Groundwater
Mine Water
S p r i n g water
Mine waste water
French Creek
French Creek
French Creek
French Creek
Snow

Location
M W # 1 4
MW#9
M W # 1 6
MW#3
#3 Mine

Soil Boring

Grab sample

Comments
Clean, 1 1-10 f a u l t , shale bedrock
Clean, lower Qal, upgradient from mine
Contaminate^ sh?le bedrock at mine site
Contaminated, alluvial, below mill tailings
R e l i e f W e l l
Kenny Dog Spring , upgradient from mine
At Roaster Fines
At Country Boy Mine, upstream from site
A t 6 C
Downstream from mine site
At Dead Elk Pond
At MW-9 location
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Results
Table s 2,3, and 4 show the results of metals, stable isotopic, and f i e l d measurements, respectively,carried out in this investigation. Time series p l o t s for all French Gulch samples are shown inA p p e n d i x 1 of this report Analytical reports for metals and stable isotope measurements can befound in Appendice s 2 and 3, respectively.
Implications of Phase I Results
The stable isotopic results for Phase I samples, collected on 3/20/96 at a time of minimum waterlevels and low stream f l o w are shown on Figure 1. All Baseline samples fall on or near the globalmeteoric water line (MWL), indicating that the data are reasonably accurate and precise, and thatnone of the samples has s u f f e r e d significant evaporation. The position of the two spring sampless l igh t ly to the right of the global MWL, however, may indicate minor evaporation (Figure 1).
The isotopic similarity of local groundwaters and samples from French Creek indicates that theprincipal source of water in the Creek in mid-winter is groundwater. The strong stable isotopiccontrast between local groundwaters and samples from French Creek (518O = -18.3 ± 0.6 %o) andthe mid-winter snowpack (518O = -27.2 %o) provides considerable isotopic contrast for conductingisotopic mass balance studies during the snowmdt event Given the analytical uncertainty of ±0.1%o for O-isotopic data on water samples, it is possible to estimate snowmdt vs groundwatercontributions to French Creek during the snowmdt event with an accuracy of approximately 2%(as illustrated bdow). The 518O and 5D values covary linearly as with all meteoric waters.Further discussions of stable isotope data, therefore, will focus soldy on the oxygen isotopecompositions.
The distinctive stable isotopic composition of the Baseline Kenny Dog S p r i n g sample indicatesthat the spring waters contained a significant proportion of local snowmelt Fie ld observations atthe time of sampling (W. Pedler, pers. comm. to BMS) are consistent with this conclusion. If it isassumed that (1) Kenny Dog S p r i n g water had an original 518O value of -17.4 %0 (identical tomost 18O-rich French Creek and local groundwater samples measured in this investigation), and(2) French Gulch snowmdt had a 5 MO value of -27.2 ±0.1 %o (as measured), then the calculatedproportion of snowmdt in the Kenny Dog Spring sample (518O = -21.0 ±0.1 %o) is 37 ± 2%. Ifthe Kenny Dog Spring sample is diluted with. 37% surface snowmdt (with essentially no Cd, Fe,and Zn), then the metals concentrations should be shi f t ed upward to correct for the dilution (Le.,divided by 0.63). This example illustrates the isotopic mass balancing capabilities for simple, two-component water mixtures.
Although there are strong correlations between metals contamination, low pH, and high dectricalconductivity, there is no striking correlation between metal concentrations and stable isotopecomposition of French Gulch surface waters and groundwater samples in mid-winter (Figures 2a -2c). Under the hydrologic conditions in which the Baseline investigation was conducted (latewinter with no significant snowmdt), both the Creek and the springs have isotopic compositionssimilar to local groundwater. Contaminated groundwaters, therefore, are likely to have beenresponsible for the mid-winter metal contamination measured in one of me French Creek samples.Other contaminated surface waters such as the waste waters at the Roaster Fines, also have stableisotopic compositions similar to local groundwater in mid-winter.
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T a b l e 2 . M e t a l s Data f o r F r e n c h G u l c h W a t e r S a m p l e s

S a m p l e
FG 1, 13
FG 2, 12
FG 3, 18
FG 4, 16
FG 5, 17
FG 6, 20
FG 7, 19
FG 8^15
FG 9, 14
F G 1 1 , 2 1
FG 22

Location
M W - 1 4
M W - 9
M W - 1 6
MW-3
#3 R e l i e f
F C 6 C spring
K e n n y D o g S p r .
Roaster Fine sS
FCreek @ CB
F G 7 , L o w e r F C
F G S D e a d B k P d

Basel ine ( 3 / 2 0 / 9 6 )
Cd ( p p m )

0.013
<0.005
0.046

0.12
0.2

0.14
0.072

<0.5
<0.005
0.027

N D

F e ( p p m )
1.7

0.51
99.3
211
188
201
16.7

26,900
2.2
1.3
N D

Z n ( p p m )
0.39

0.092
96.8
167
165
159
8.4

4,530
0.4

13.4
N D

Second ( 6 / 1 0 / 9 6 )
Cd ( p p m )

0.01
0.0054
0.072

0.34
0.63
0.54

0.017
13
nd

0.0089
0.0064

F e ( p p m )
5.9

0.46
120
297
1 6 9
165
2.1

4,090
nd

0.64
0.16

Z n ( p p m )
1.7

0.13
127
277
230
355
9.6

3,160
nd
2.6

0.76
ND = Not Determined
nd = not detected

S a m p l e
FG 24, 37
FG 23, 36
FG 26, 38
FG 28, 35
FG 27, 39
F G 3 0
FG 32, 43
FG 29, 41
FG 25, 40
FG 31 , 42
FG 33, 44
FG 34, 45

Loca t i on
M W - 1 4
MW-9
M W - 1 6
MW-3
#3 R e l i e f
#3 Mine
F C 6 C spring
K e n n y D o g S p r .
Roaster F i n e s S
FCreek @ CB
F G 7 , L o w e r F C
F G S D e a d B k P d

T h i r d ( 6 / 2 7 / 9 6 )
C d ( p p m )

0.0075
nd

0.092
0.31
0.72
0.68
0.61

0.011
15.2

nd
0.0074

nd

F e ( p p m )
15.7:nd
117
279
184
164
163
11.2

3,750
0.18
0.28
0.13

Z n ( p p m )
4.3
nd

124
256
242
232
328
7.9

3,360
0.048

2.7
0.66

F o u r t h ( 7 / 2 2 / 9 6 )
C d ( p p m )

nd
nd

0.058
0.17
0.53

N D
0.34

nd
13.6

nd
0.0073

nd

F e ( p p m )
15.1
0.51
94.5
338
144

N D
334
2.8

3,940
nd

0.27
0.13

Z n ( p p m )
4.6

0.17
106
243
199

N D
285
6.1

3,260
0.025

4.2
0.59

N D = N o t Determined
nd = not detected
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T a b l e 3 . S t a b l e I s o t o p e Data f o r F r e n c h G u l c h W a t e r S a m p l e s
Oxygen I s o t o p e s :De!ta 0-18

S a m p l e
FG 1 ,13 , 24, 37
FG 2,12, 23, 36
FG 3,18, 26, 38
FG 4,16, 28, 35
FG 5,17, 27, 39
F G 3 0
F G 1 0
FG 6, 20, 32, 43
1=6,7,19, 29, 41
FG 8,15, 25, 40
FG 9,14, 31, 42
FG 1 1 , 21 , 33, 44
FG. 22, 34, 45

L o c a t i o n
M W - 1 4
M W - 9
M W - 1 6
M W - 3
#3 R e l i e f
#3 M i n e
Snow at M W - 9
F C 6 C spring
K e n n y D o g S p r .
Roaster Fine sS
FCreek @ CB
F G 7 , LowerFC
F G 8 DeadBkPd

F i r s t
3 / 2 0 / 9 6

-17.7
-18.0
-18.9
-18.2
-18.8

ND
-27.2
-18.7

•-21.0
-17.4
-18.0
-18.1

N D

Second
6 / 1 0 / 9 6

-18.1
-17.9
-18.6
-18.4
-18,5

N D
N D

-18.5
-18.6
-17.8
-18.1
-18.1
-18.0

T h i r d
6 / 2 7 / 9 6

-18.8
-18.0
-18.8
-18.6
-18.8
-18.7

ND
-18.6
-18.7
-17.8
-17.8
-18.2
-18.1

F o u r t h
7 / 2 2 / 9 6

-18.4
-17.4
-18.6
-18.6
-18.7

N D
N D

-18.0
-18.7
-17.8
-17.8
-17.8
-17.9

N D =Not Determined
H y d r o g e n I s o t o p e s : D e i t a D

S a m p l e
FG 1,13, 24, 37
FG 2,12, 23, 36
FG 3,18, 26, 38
FG 4,16, 28, 35
FG 5,17, 27, 39
F G 3 0
F G 1 0
FG 6, 20, 32, 43
FG 7,19, 29, 41
FG 8,15, 25, 40
FG 9,14, 31, 42
FG 11, 21, 33, 44
FG 22, 34, 45

Locat ion
M W - 1 4
MW-9
M W - 1 6
MW-3
#3 R e l i e f
#3 M i n e
Snow at M W - 9
F C 6 C spring
K e n n y D o g S p r .
Roaster RnesS
FCreek @ CB
F G 7 , LowerFC
F G 8 DeadHkPd

F i r s t
3 / 2 0 / 9 6

-132
-131
-141
-136

. -141
ND

-206
-141
-159
-133
-132
-132

N D

Second
6 / 1 0 / 9 6

-134
-136
-144
-143
-143

N D
N D

-143
-144
-130
-136
-137
-136

T h i r d
6 / 2 7 / 9 6

-142
-137
-145
-139
-144
-146

N D
-139
-141
-137
-127
-127
-127

F o u r t h
7 / 2 2 / 9 6

-131
-122
-135
-135
-135

N D
N D

-136
-142

N D
-126
-127
-125

N D = N o t Determined

1 0 / 8 / 9 6
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T a b l e 4 . F i e l d Measur emen t s f o r F r e n c h G u l c h W a t e r S a m p l e s

S a m p l e
FG 1. 13
FG 2, 12
FG 3. 18
FG 4, 16
FG 5. 17
F G 3 0
FG 6, 20
FG 7, 19
FG 8, 15
FG 9, 14
F G 1 1 , 2 1
F G 2 2

L o c a t i o n
M W - 1 4
M W - 9
M W - 1 6
MW-3
#3 R e l i e f Well
#3 M i n e
F C 6 C spring
Ken ny Dog Spr.
Roaster F i n e s S
F C r e e k @ C 8
F G 7 , L o w e r F C
F G S D e a d B k P d

B a s e l i n e ( 3 / 2 0 / 9 6 )
D e p t h to

W a t e r ( f t )
24.00
20.80
13.57
16.97
13.40

N D
N A
N A
N D
N A
N A
N D

T e m p e r a t u r erc)
8.6
5.0
10.1
9.4
8.1
N D
7.6
5.6

11.2
4.6
1.0
N D

C o n d u c t i v i t y
( t i S / c m )

1,885
260

2,450
2,270
2.420

N D
2,480

80
25,500

180
395

N D

F i r s t ( 6 / 1 0 / 9 6 )
D e p t h to

W a t e r ( f t )
5.95
17.35
1.00

14.27
1.40

N D
N A
N A

5.92
N A
N A
N A

T e m p e r a t u r e
C C J
10.0
4.8
9.7
7.8

10.4
N D

1 1.1
8.5

13.3
3.3
3.6
3.9

C o n d u c t i v i t y
( p S / c m )

1,879
283

2,790
3,390
2,860

N D
3 , 1 1 0
613

9,910
86

155
1 1 9

N A = N o t A p p l i c a b l e
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Changes in Water Levels during die S n o w m e l t Event
Figure 3 shows the relative changes in water level for the f ive wells sampled during thisinvestigation plot ted against the number of days since the Baseline sampling. This f igure revealsthat:
• Three wells (MW-14, M W - 1 6 , and #3 Rel i e f) in the shale aquifer showed a marked increasein water level during the f i r s t 60 days.
• The two wells (MW-3 and MW-9) in the alluvial aquifer showed a less pronounced increase inwater level
• The peak water levels occurred approximate ly 60 days af t er the Baseline sampling. Thereaf t er ,water levels begin to return to low-f low conditions, a process that will apparently be complete-160 days af t er the Baseline sampling (i.e., in early September, 1996).
Oxygen Isotopic Response to the Snowmel t Event
Figures 4aand 4b (detail) i l lustrate the oxygen isotopic compositions of well, spring, and FrenchCreek samples through four samplings extending over four months, from the Baseline mid-wintersampling (3/20/96) to mid-summer (7/23/96). The only sample that shows a large oxygenisotopic sh i f t from the Baseline value is that from Kenny Dog S p r i n g s , which had a 518O valueindicating considerable contamination with local snowmelt during the Baseline sampling. In allsubsequent samplings, however, the spring yielded water that was i so topical ly similar to thelowest-18O groundwater, spring, and stream samples. Thus , the post-baseline samples fromKenny Dog Springs were not particularly contaminated with local snowmelt.
The most striking aspect of the data shown on Figures 4a and 4b is the near uniformity in stableisotopic composition of all French Gulch samples over time, despite the fact that the f o l l ow ingevents were occurring during the period of sampling:
• The local snowpack was lost to sublimation and melting, with concomitant inf i l trat ion,evaporation, and r u n o f f ,
• French Creek crested to much higher f l o w rates and began to recede, and
• Water levels in local monitoring wells rose substantially and began to recede.
Evidence for Minimal Contributions of Snowmelt to French Creek and Local Aqui f er s
Figure 5 shows the maximum amount of local snowmelt (518O = -27.2 %o, the measured value forlocal snow) than could have mixed with local "end member" groundwater with a 518O of -17.4 %o(me highest measured value for French Gulch groundwater and spring water samples). Apartfrom the Baseline sample from Kenny Dog Springs , groundwaters, spring waters, and FrenchCreek water samples could have a maximum of. -15% snowmelt at the height of the snowmeltevent It is, however, probable that snowmelt contributes an even smaller percentage of the totalwater f l owing in French Creek, given that the stable isotopic compositions of French Creeksamples changed so l i t t l e during the four sampling events. Indeed, the very small changes in theoxygen isotopic compositions of French Creek samples from low-f low through high-flowconditions (Figure 5) indicates that the proportion of snowmelt could only represent a few percent,
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that is, near the limit of resolution of the rather sensitive stable i sotopic methods we are using inthis investigation.
The remarkable oxygen isotopic uniformity in the French Gulch samples indicates the f o l l ow ing:
1. Snowmel t contributed only a small proportion of the water responsible for increased f l o w inFrench Creek during the period of sampling, and
2. The bulk of the water f l o w i n g in French Creek during the June crest had an oxygen isotopiccomposition comparable to that of local groundwater and springs.

S t a b l e Iso t op i c Groupings
Despite the general uniformity in the stable isotopic compositions of French Gulch water samples,small but consistent d i f f er ence s in the 518O values shown on Figures 4a and 4b indicate that thewaters may be grouped by oxygen isotopic composition into three distinctive groups, as f o l l o w s :
1. An 18O-rich group that consistently has 518O values between -17.4 and -18.2 %o. This groupincludes the French Creek sites (CB, Dead Elk Pond, and Lower French Creek), monitoringwell MW-9 (uncontaminated, alluvial aquifer), and the Roaster Fines site (highly^contaminated).
2. An 18O-depleted group that consistently has 518O values between -18.5 and -19.0 %o. Thisgroup includes monitoring well MW-16 (contaminated, shale aquifer at mine site), Kenny DogSpring s (post-Baseline samples), and the contaminated #3 Relief well and #3 Mine site.
3. A group of water samples that exhibited small but consistent s h i f t s in oxygen isotopecomposition with time. This group includes sites that sh i f t ed from values similar to the 18O-rich group to lower values similar to those of the 18O-poor group (monitoring wells MW-14,uncontaminated shale aquifer and MW-3, contaminated alluvial aquifer). Group 3 alsoincludes French Creek 6C spring, which shows the opposite behavior, changing from arelatively low-18O signature to a higher-18O signature over the time of . sampling.
Although the above groupings are based on rather small d i f f e r enc e s in oxygen isotopecomposition, the isotopic trends serve to constrain conceptual models for the overall water balancein French Gulch and for processes controlling metals contamination in local waters. It is clear, forexample, that a model involving the simple mixing of two, i sotopically distinct water reservoirswhere one of these reservoirs carries metals contamination is too simple to explain the data. It isnecessary to examine water levels, metals loading, and stable isotope relations in individual wellsand springs to learn more about the mechanisms of metal contamination in French Gulch.

Evidence for Increased Surfac e Water Metal Loading during the Snowmelt Event
Figure 6a shows Cd concentrations for French Gulch samples for the four sampling events. Notethat the Roaster Fines sample is not plot ted because it has a much higher Cd concentration that isoff scale compared to the other analyzed samples. S a m p l e s from four contaminated sites shows l igh t ly (MW-16) to strongly (MW-3, FC6C Spring, and #3 Relief Wel l and Mine) rising Cdconcentrations during the time of rising water levels and rising f l o w in French Creek, and f a l l i n gCd concentrations as me watershed began to return to lower f l o w conditions. All other
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sampled sites either exhibit falling Cd concentrations (Kenny Dog S p r i n g ) or cons i s t ent ly low Cdconcentrations.
Figures 6b and 6c show F e a n d Zn concentrations, respectively, for French Gulch samples for thefour samplings. Again, the Roaster Fines samples are not p lo t t ed because they have much higherFe and Zn concentrations than the other samples. Comparison of Figure s 5 with Figures 6a-cindicates that the same four sites show the highest concentrations of Cd, Fe and Zn. In addition,there is a positive correspondence with high water levels in French Gulch monitoring wells(compare with Figure 3) for both Cadmium and Zinc. Iron, however, shows similar or risingconcentrations throughout the course of the investigation, implying that Iron loading in FrenchCreek is not f u l l y coupled with Cadmium and Zinc loading.

Evidence Against S u r f a c e Water I n f i l t r a t i o n in Three French Gulch Monitoring W e l l s
Figure 7 shows the relative changes in oxygen isotope composition of the f ive monitoring wells inFrench Gulch. Three of these wells (MW-9, MW-16, and #3 Rel i e f) exhibit either l i t t l e change inoxygen isotopic signature, or a s l igh t ly more 18O-rich signature as the snowmelt progressed Thisis incontrovertible evidence that the water level changes in these three wells did not occur due tovertical infi l trat ion or lateral migration of surface waters derived from melting snow. The waterlevel rise in these wells is probably a response to increased lateral recharge from inf i l trat ionoccurring somewhere upgradient from the we f l s . These wells are appear to be largely isolatedfrom the local surface, although two of mem (M W-16, and #3 Rel i e f) are contaminated.

Evidence S u p p o r t i n g Sur fa c e Water Inf i l t ra t i on in Two French Gulch Monitoring W e l l s
Figure 7 also shows that two wells (MW-3 and MW-14) exhibit lower 518O values during thesnowmelt event It is possible that rising water levels in these w e f l s were caused, at least in part,by local inf i l trat ion of snowmelt from the surface. Note that MW-3 is a contaminated alluvial welland the alluvial aquifer in this area may be in hydrologic communication with the surface. In thesame sense, MW-14 is an uncontaminated well drilled along a fau l t which may provide a rapidtransport pathway between the surface and the shale aquifer at that site.
Because these two wells exhibit lower 518O values during high water level conditions, it is possibleto model the processes responsible for water level rise and aquifer contamination at these two sites.Figures 8a and 8b show the relative changes in oxygen isotope composition and water level formonitoring wells MW-14 and MW-3, respectively. In the f ir s t 60 days af t er the Baselinesampling, both wells showed rises in water level as well as negative s h i f t s in 518O value. In theensuing 17 days, water levels began to decline while 518O values continued their downward shi f t s .In the final 25 days between the third and fourth samplings, water levels continued to decline while518O values remained stable or reversed to s l igh t ly higher 518O compositions. The patternsdisplayed on Figures 8a and 8b are remarkably similar and suggest the fo l lowing:
• During the ini t ia l 60 days, the rising water levels could be the result of a combination of higherrates of lateral recharge and inf i l trat ion of small amounts of low-18O snowmelt from thesurface.
• During the ensuing 17 days, recharge from low-18O surface waters (snowmelt) continued,while lateral recharge declined.
• During the final 25 days, both surface and groundwater recharge continued to decline.
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Evidence S u p p o r t i n g S u r f a c e Water Involvement in Metals Contamination at M W - 1 4
Figure 9a shows that Zinc concentrations in monitoring well M W - 1 4 rose from their Baselinevalues through the f i r s t 62 days since the Baseline sampling, while water levels were rising andlow-18O snowmelt was being added to the aquifer by inf i l trat ion from above. In the ensuing 17days, however, Zinc concentrations continued to rise while the water level was f a l l i n g . N o t e thatthe 5 1 8O value was continuing to fall, suggesting that contaminated snowmelt may be responsiblefor the Zinc contamination in this welL

Evidence against S u r f a c e Water Involvement in Metals Contamination at MW-3
In contrast to MW-14, Figure 9b shows a strong correlation between water level and Zincconcentration in monitoring well MW-3. In this case, Zinc concentrations began to f a l l betweendays 62 and 79, despite the continued decreases in the 518O value of the water. This suggests thatthe Zinc contamination originates through subsurface interactions between groundwater andsulfide-rich rocks at this site, despite the proximity to mill ta i l ings at the surface.

Recommendations
!.__, S a m p l i n g of all French Gulch sites should be performed af t er the watershed has returned tolow f l o w conditions. Conducting this sampling will allow investigation of the "relaxation"phase in the watershed, where water levels in monitoring wells and in French Creek willcontinue to f a l l due to reduced subsurface hydrostatic pressures (in general) and reducedinf i l trat ion of surface waters (at some sites).
2. A more detailed investigation of French Gulch should be carried out in the Spr ing andSummer of 1997. This investigation should f o l l o w the same general approach as the presentinvestigation, but should include all available sampling sites (springs, seeps, wel l s) hi the area.This level of detail is required to understand the various mechanisms of metals contamination,and to id en t i fy all "point sources" for stable isotopic and geochemical analysis.
3. Remedial strategies should be designed af t er the detailed stable isotopic and geochemicalinvestigation hi 1997. Because several d i f f e r e n t mechanisms for metals contamination havebeen identi f ied in this initial study, it may not be possible to remediate the metalscontamination problem in French Gulch using a single approach. Instead, a combination ofengineering and water treatment approaches may be required, depending on the origin of thecontamination at each site. For example, contamination from inf i l tra t ing surface waters mightbe remediated through removal of s u l f i d e materials at the surface or through isolationtechniques such as capping. Groundwaters contaminated through subsurface interactions withs u l f i d e bearing rocks are not amenable to such engineering techniques, and treatment methodsmay be required to remove contamination from some French Gulch waters.
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A p p e n d i x 1

-Time Series Plot s for French Gulch Phase I and Phase II S a m p l i n g Site s
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I s o t o p e S o l u t i o n s

F i g u r e A 1 - 8
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I s o t o p e S o l u t i o n s

M e t a l s a n d C o n d u c t i v i t y T r e n d s :
F r e n c h Cre ek at Country Boy Mine
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1 0 / 7 / 9 6 f l l - 9



I s o t o p e S o l u t i o n s

F i g u r e A 1 - 1 0 a
M e t a i s and C o n d u c t i v i t y T r e n d s : Lower F r e n c h Creek
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I s o t o p e S o l u t i o n s

2.0

o.o

M e t a l s a n d C o n d u c t i v i t y T r e n d s :F r e n c h Creek at Dead Elk Pond
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I s o t o p e S o l u t i o n s

M e t a l s a n d C o n d u c t i v i t y T r e n d s : K e n n y D o g S p r i n g s F i g u r e A 1 - 1 2 a
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I s o t o p e S o l u t i o n s

10/9/96

A p p e n d i x 2

Data Reports for S t a b l e I s o t o p e Analyses



I s o t o p e S o l u t i o n s A n a l y t i c a l Repor t f o r R A S
October 10, 1996

S t a b l e i s o t ope A n a l y s i s Resu l t s
S a m p l e
F G 0 0 1
F G 0 0 2
F G 0 0 3
F G 0 0 4
F G 0 0 5
F G 0 0 6
F G 0 0 7
F G 0 0 8
F G 0 0 9
F G 0 0 1 0
F G 0 0 1 1

^ F G 0 0 1 2
F G 0 0 1 3
F G 0 0 1 4
F G 0 0 1 5
F G 0 0 1 6
F G 0 0 1 7
F G 0 0 1 8
F G 0 0 1 9
F G 0 0 2 0
F G 0 0 2 1
F G 0 0 2 2
F G 0 0 2 3

5 D
-132
-131
-141
-136
-141
-141
-159
-133
-132
-206
-132
-136
-134
-136
-130
-143
-143
-144
-144
-143
-137
-136
-137

5 1 8 0
-17.7
-18.0
-18.9
-18.2
-18.8
-18.7
-21.0
-17.4
-18.0
-27.2
-18.1
-18.0
-18.1
-18.1
-17.8
-18.4
-18.5
-18.6
-18.6
-18.5
-18.1
-18.0
-18.0

S a m p l e
F G 0 0 2 4
F G 0 0 2 5
F G 0 0 2 6
F G 0 0 2 7
F G 0 0 2 8
F G 0 0 2 9
F G 0 0 3 0
F G 0 0 3 1
F G 0 0 3 2
F G 0 0 3 3
F G 0 0 3 4
F G 0 0 3 5
F G 0 0 3 6
F G 0 0 3 7
F G 0 0 3 8
F G 0 0 3 9
F G 0 0 4 0
F G 0 0 4 1
F G 0 0 4 2
F G 0 0 4 3
F G 0 0 4 4
F G 0 0 4 5

5 D
-142
-137
-145
-144
-139
-141
-146
-127
-139
-127
-127
-135
-122
-131
-135
-135

N A
-142
-126
-136
-127
-125

5 1 8 0
-18.8
-17.8
-18.8
-18.8
-18.6
-18.7
-18.7
-17.8
-18.6
-18.2
-18.1
-18.6
-17.4
-18.4
-18.6
-18.7
-17.8
-18.7
-17.8
-18.0
-17.8
-17.9

D u p l i c a t e A n a l y s e s
Hydrogen Isotopes

S a m p l e
F G 0 0 0 2
F G 0 0 0 8
F G 0 0 0 9
F G 0 0 1 1

D u p l i c a t e 1 D u p l i c a t e 2 SD
-17.9
-1 7.4

-18
-18.1

Reviewed

-18.1 0.01
-17.4 0.04

-18 0.02
-18.1 0.01

M e a n S D : 0.02

by: ^

S a m p l e
F G 0 0 0 1
F G 0 0 0 2
F G 0 0 2 2
F G 0 0 2 4

'^~

Oxygen Isotopes
D u p l i c a t e 1

-129
-130
-134
-157

/ ^ — = -S

D u p l i c a t e 2
-135
-132
-138
-157

Mean SD:

^

SD
3
1
2
0

1.6

Leticia B. Men«haca

1126 Delaware St, Berkeley CA 94702. Tel: (510) 527-7237



I s o t o p e S o l u t i o n s

A p p e n d i x 3

Data Reports for Metals Analyses
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Tel:
Fax:

Q u a n t e r r a E n v i r o n m e n t a l S e r v i c e s4955 Y a r r o w S t r e e tA r v a d a , CO 80002( 3 0 3 ) 4 2 1 - 6 6 1 1( 3 0 3 ) 4 3 1 - 7 1 7 1
Q u a n t e r r a , I n c o r p o r a t e dP . O . Box 91501C h i c a g o , I L 6 0 6 9 3 1 5 0 1

rs/uanterra
Number

Environments]
Scn'iccs

Date

0 0 2 8 1 1 5 2 3 7 1 0 J U L 9 6Quanterra Project Number Customer Number
R M A L - 0 4 9 9 1 8

Terms
N E T 3 0 D A Y S

Customer Contact

00374328

B i l l P e d l e rT O . - R . A . S . I n c .311 Rock A v e n u eG o l d e n , CO 80401

B i l l P e d l e rR . A . S . I n c .311 Rock A v e n u eG o l d e n , CO 80401

MatrixCoda Analysis Description Unit Price Extended Pr

A N A L Y T I C A L S E R V I C E S1 2 A Q U E O U S M e t h o d 6010 - I C P M e t a l s ( T o t a l )
f A n a l y t i c a l S e r v i c e s S u b t o t a l

A D D I T I O N A L S E R V I C E SA d d i t i o n a l S e r v i c e s S u b t o t a l

59.00 708.C
708.00

0.00

Customer P. O. Number / Contract Number / ReferenceP e d l

S u s a n M c C o o l
OUA-J027-8 L i s a D a v i s

Sub Total
Tax

Total
708.0
708. (

federal Tax I.O. a S*



Emironmcntxi
Services

A N A L Y T I C A L R E S U L T S
F O R

R . A . S . , I n c .
F R E N C H G U L C H W A T E R S H E A D S T U D Y

Q U A N T E R R A E N V I R O N M E N T A L S E R V I C E S
D E N V E R N O . 049918

J U L Y 1 0 , 1996

Reviewed by: MS u s a n H . M c C o o l



Chain of CustodyRecord wuanterra
EnvironnienlnlServices

QUA-4I24-I

JQC Requirements (Specify)round Time nequjed
d 24 Hours D 7 Days D 14 Days D 21 Days Doinar



uanterra
Environmental

Services

M A T R I X S P I K E / M A T R I X S P I K E D U P L I C A T E Q C R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o nP r o j e c t : 049512
C a t e g o r y :M a t r i x :S a m p l e :MS Run:U n i t s :

I C P - A TA Q U E O U S049484-00011 2 J U N 9 6 - N 1m g / L

I C P M e t a l s / T o t a l

A n a l y t e
A l u m i n u mA n t i m o n yA r s e n i cB a r i u mB e r y l l i u mBoronC a d m i u mC a l c i u m ,C h r o m i u mC o b a l tC o p p e rI r o nL e a dL i t h i u mM a g n e s i u mM a n g a n e s eM o l y b d e n u mN i c k e lP o t a s s i u mS e l e n i u mS i l v e r •S o d i u mT h a l l i u mT i nT i t a n i u mV a n a d i u mZ i n c

C o n c e n t r a t i o n
S a m p ! eR e s u l t

N DN DN DN DN DN AN D28N AN DN DN DN DN A11N DN DN D7.2N DN D120N DN AN AN DN D

MSR e s u l t
2.20.471.92.00.048N A0.04176N A0.480.251.10.48N A590.48N A0.48562.10.0501702.2N AN A0.500.46

H S DR e s u l t
2.20.471.92.00.048N A0.04877N A0.490.251.10.47N A600.49N A0.48562.10.0501702.3N AN A0.500.47

A m o u n t % Recov. RF_S p i k e d Recovery A c c e p . R P D Ace?MS
2.00.502.02.00.050100.050500.200.500.251.00.505.0500.500.500.50502.00.050502.00.500.500.500.50

M S D
2.00.502.02.00.050100.050500.200.500.251.00.505.0500.500.500.50502.00.050502.0 .0.500.500.500.50

M S M S D L i m i t s M S - M S D L i m i
10894959997N C8296N C9710010797N C9796N C95 .9810510094112N CN C9993

110949510097N C9697N C9810010894N C9897N C95971049996113N CN C10094

80-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-120

1.1 -0.70..10.40.0 ~0.0160.70.0 "~1.50.41.3 -2.50.00.81.1 -0.00.00.51.3 "-0.90.71.4 -0.00.00.61.9 -

N A = N o t A p p l i c a b l eN C = N o t C a l c u l a t e d , c a l c u l a t i o n n o t a p p l i c a b l e .N D = N o t Det e c t ed
C a l c u l a t i o n s ar e p e r f o r m e d b e f o r e r o u n d i n g t o avoid r o u n d - o f f errors in c a l c u l a t e d r e su l t s^



sPuanterra
Environmental

Services

M E T H O D B L A N K R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n
R e p o r t i n gA n a l y t e R e s u l t U n i t s L i m i t

T e s t : I C P - A TM a t r i x : A Q U E O U SQC L o t : 12 JUN 9 6 - N 1 QC Run: 12 JUN 9 6 - N 1
C a d m i u m N D m g / L 0.0050I r o n ' N D m g / L 0.10Z i n c N D m g / L 0.051



wuanterraXw
Environmcnts I

Services

M E T H O D B L A N K R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n

R e p o r t i n gA n a l y t e R e s u l t U n i t s L i m i t
T e s t : I C P - A TM a t r i x : A Q U E O U SQC L o t : 12 JUN 9 6 - N 1 QC Run: 12 JUN 9 6 - N 1
C a d m i u m N D m g / L 0.0050I r o n ' N D m g / L 0.10Z i n c N D m g / L 0.051



Kn n ' r o o m e r r r s j
SenSces

Q C L O T A S S I G N M E N T R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n
L a b o r a t o r yS a m p l e N u m b e r
049512-0001-SA049512-0002-SA049512-0003-SA049512-0004-SA049512-0005-SA049512-0006-SA049512-0007-SA049512-0008-SA0 4 9 5 1 2 - 0 0 0 9 - S A049512-0010-SA049512-0011-SA

QC M a t r i x
A Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U S

QC C a t e g o r y
I C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A T

QC Lot N u m b e r( D C S )
1 2 J U N 9 6 - N 112 JUN 96-N11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 1

QC Run N u m b e r( S C S / B L A N K )
1 2 J U N 9 6 - N 11 2 J U N 96-N11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 96-N11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 1



vuanterra
Environmental

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 2 2L a b I D : 049512-0011-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 Rece ived: 11 JUN 96A u t h o r i z e d : 1 1 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e Below
R e p o r t i n g A n a l y t i c a l Prepared A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.0064 m g / L 0.0050 6010 12 JUN 96 19 JUN 9f ,I r o n 0.16 m g / L ' 0.10 6010 12 JUN 96 19 JUN 96Z i n c 0.76 m g / L 0.051 6010 12 JUN 96 19 JUN 96~

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : P a t r i c k C a r r o l 1 A p p r o v e d B y : K r i s t i n a S a n c h e z



Services

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F 6 0 0 2 1L a b I D : 049512-0010-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 Rec e iv ed: 11 JUN 96A u t h o r i z e d : 1 1 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.0089 m g / L 0.0050 6010 12 JUN 96 19 JUN 96I r o n 0.64 m g / L ' 0.10 6010 12 JUN 96 19 JUN 96Z i n c 2.6 m g / L 0.051 6010 12 JUN 96 19 JUN 96

NO = Not d e t e c t edM A = N o t a p p l i c a b l e
R e p o r t e d By: P a t r i c k Carrol 1 A p p r o v e d By: K r i s t i n a S a n c h e z



^
Environments/ _Sen-ices

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 2 0L a b I D : 049512-0009-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 Received: 11 JUN 96A u t h o r i z e d : 11 JUN 96 P r e p a r e d : See B e l o w A n a l y z e d : See Below
R e p o r t i n g . A n a l y t i c a l P r e p a r e d A n a l y z e dParameter Resul t U n i t s L i m i t Method Date Date

C a d m i u m 0.54 m g / L 0.25 6010 12 JUN 96 19 JUN 9fiI r o n 165 m g / L ' 5.0 6010 12 JUN 96 19 JUN 9Z i n c 355 m g / L 2.6 6010 12 JUN 96 19 JUN 9

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
Reported By: P a t r i c k C a r r o l 1 A p p r o v e d By: K r i s t i n a Sanchez



fj'uanterra-^W'
Environmental

Services

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F 6 0 0 1 8L a b I D : 049512-0007-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 Rec e iv ed: 11 JUN 96A u t h o r i z e d : 1 1 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e Below
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.072 m g / L 0.010 6010 12 JUN 96 19 JUN 96I r o n 120 m g / L ' 0.20 6010 12 JUN 96 19 JUN 96Z i n c 127 m g / L 0.10 6010 12 JUN 96 19 JUN 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
Reported By: P a t r i c k C a r r o l ! A p p r o v e d By: K r i s t i n a S a n c h e z



(jjfuanterra
Environments!Service

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 1 9L a b I D : 049512-0008-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 R e c e i v e d : 11 JUN 96A u t h o r i z e d : 11 JUN 96 P r e p a r e d : See B e l o w A n a l y z e d : See B e l o w
R e p o r t i n g A n a l y t i c a l Prepared A n a l y z e dParameter R e s u l t U n i t s L i m i t Method Date Date

C a d m i u m 0.017 m g / L 0.0050 6010 12 JUN 96 19 JUN 96I r o n 2.1 m g / L ' 0.10 6010 12 JUN 96 19 JUN 96Z i n c 9.6 m g / L 0.051 6010 12 JUN 96 19 JUN 96

ND = Not d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : P a t r i c k C a r r o l ! A p p r o v e d B y : K r i s t i n a S a n c h e z



(jfuanterra
En viron menfa/

Services'

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 1 6L a b I D : 049512-0005-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 Rece ived: 11 GUN 96A u t h o r i z e d : 1 1 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t Method Date Date

C a d m i u m 0.34 mg/L 0:025 6010 12 JUN 96 19 JUN 96I r o n 297 mg/L ' 0.50 6010 12 JUN 96 19 JUN 91Z i n c 277 m g / L 0.26 6010 12 JUN 96 19 JUN 9(

NO = Not d e t e c t edN A = N o t a p p l i c a b l e
Reported By: P a t r i c k Carro l! A p p r o v e d By: K r i s t i n a S a n c h e z



l _guanterra
Environmental

Services

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 1 7L a b I D : 049512-0006-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 Rece iv ed: 11 JUN 96A u t h o r i z e d : 1 1 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l Prepared Analyz edParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.63 m g / L 0.025 6010 12 JUN 96 19 JUN 96I r o n 169 m g / L ' 0.50 6010 12 JUN 96 19 JUN 96Z i n c 230 m g / L 0.26 6010 12 JUN 96 19 JUN 96

ND = Not d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : P a t r i c k C a r r o l 1 A p p r o v e d B y : K r i s t i n a S a n c h e z



(jtuanterra
Environmental

Services

C l i e n t N a m e :C l i e n t I D :L a b I D :M a t r i x :A u t h o r i z e d :
Parameter
C a d m i u r nI r o nZ i n c

R . A . S . I n c .F G 0 0 1 4049512-0003-SAA Q U E O U S11 JUN 96

R e s u l t
N DN DN D

M e t a l s
T o t a l M e t a l s

S a m p l e d : 10 JUN 96P r e p a r e d : S e e B e l o w R e c e i v e d : 11 JUN 96A n a l y z e d : S e e B e l o w
U n i t s
m g / Lm g / Lm g / L

R e p o r t i n g A n a l y t i c a lL i m i t M e t h o d
0.00500.100.051

601060106010

P r e p a r e d A n a l y z e dDate Date
12 JUN 96 19 JUN 9612 JUN 96 19 JUN 9612 JUN 96 19 JUN 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
Repor t ed By: P a t r i c k C a r r o l ! A p p r o v e d B y : K r i s t i n a S a n c h e z
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M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 1 5L a b I D : 049512-0004-SAM a t r i x : AQUEOUS S a m p l e d : 10 OUN 96 Rece ived: 11 JUN 96A u t h o r i z e d : 1 1 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dP a r a m e t e r R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 13.0 m g / L 0.25 6010 12 JUN 96 19 JUN 96I r o n 4090 m g / L ' 5.0 6010 12 JUN 96 19 JUN 96Z i n c 3160 m g / L 2.6 6010 12 JUN 96 19 JUN 96

NO = Not d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : P a t r i c k C a r r o l 1 A p p r o v e d B y : K r i s t i n a S a n c h e z



Wsuanterra
En vr 'ro f i mcnta

Services

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 1 2L a b I D : 049512-0001-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 Rec e iv ed: 11 JUN 96A u t h o r i z e d : 1 1 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e Below
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.0054 m g / L 0.0050 6010 12 JUN 96 19 JUN 96I r o n 0.46 m g / L ' 0.10 6010 12 JUN 96 19 JUN 96Z i n c 0.13 m g / L 0.051 6010 12 JUN 96 19 JUN 96

ND = Not d e t e c t e dN A = N o t a p p l i c a b l e
Reported By: P a t r i c k C a r r o l ! A p p r o v e d By: K r i s t i n a Sanchez



[jtuanterra
Environmental

Scnices

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 1 3L a b I D : 049512-0002-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 Received: 11 JUN 96A u t h o r i z e d : 1 1 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a . 1 P r e p a r e d A n a l y z e dP a r a m e t e r R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.010 m g / L 0.0050 6010 12 JUN 96 19 JUN 96I r o n 5.9 m g / L ' 0.10 6010 12 JUN 96 19 JUN 96Z i n c 1.7 m g / L 0.051 6010 12 JUN 96 19 JUN 96

ND = Not d e t e c t edN A = N o t a p p l i c a b l e
R e p o r t e d B y : P a t r i c k C a r r o l ! A p p r o v e d B y : K r i s t i n a S a n c h e z
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A n a l y t i c a l R e s u l t s

T h e a n a l y t i c a l r e s u l t s f o r t h i s p r o j e c t a r e p r e s e n t e d i n t h e f o l l o w i n g d a t a
t a b l e s . Each d a t a t a b l e i n c l u d e s s a m p l e i d e n t i f i c a t i o n i n f o r m a t i o n , a n d when
a v a i l a b l e a n d a p p r o p r i a t e , d a t e s s a m p l e d , r e c e i v e d , a u t h o r i z e d , p r e p a r e d a n d
a n a l y z e d . T h e a u t h o r i z a t i o n d a t a i s t h e d a t e when t h e p r o j e c t w a s d e f i n e d b y
t h e c l i e n t such tha t l a b o r a t o r y work c o u l d b e g i n .
D a t a sh e e t s c o n t a i n a l i s t i n g o f t h e p a r a m e t e r s measured i n each t e s t , t h e
a n a l y t i c a l r e s u l t s a n d t h e Quant erra r e p o r t i n g l i m i t . R e p o r t i n g l i m i t s a r e
a d j u s t e d t o r e f l e c t d i l u t i o n o f t h e s a m p l e , when a p p r o p r i a t e .
T h e r e s u l t s f r o m t h e S t a n d a r d Quant erra Q A / Q C P r o g r a m , w h i c h g e n e r a t e s d a t a
w h i c h a r e i n d e p e n d e n t o f m a t r i x e f f e c t s , a r e p r o v i d e d s u b s e q u e n t l y .



A N A L Y T I C A L T E S T R E Q U E S T Sf o rR . A . S . I n c .
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L a b I D :049512 G r o u pC o d e A n a l y s i s D e s c r i p t i o n C u s t o mT e s t ?
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S A M P L E D E S C R I P T I O N I N F O R M A T I O Nf o rR . A . S . I n c .

L a b I D
049512-049512-049512-049512-049512-049512-049512-049512-049512-049512-049512-

0 0 0 1 - S A0002-SA0003-SA0004-SA0005-SA0006-SA0007-SA0008-SA0009-SA0 0 1 0 - S A0011-SA

C l i e n t I D
F G 0 0 1 2F G 0 0 1 3F G 0 0 1 4 -F G 0 0 1 5F G 0 0 1 6F G 0 0 1 7F G 0 0 1 8F G 0 0 1 9F G 0 0 2 0F G 0 0 2 1F G 0 0 2 2

M a t r i x
A Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U S

S a m p l e dDate T i m e
10 JUN 9610 JUN 9610 JUN 96"10 JUN 9610 JUN 9610 JUN 9610 JUN 9610 JUN 9610 JUN 9610 JUN 9610 JUN 96

Rece iv edDate
11 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 96
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L I M s Report Key
Sec t i on

Cover Letter
Sample Description Informat ion

Sample Analysis Results Sheets
QC LOT Assignment Report

Duplicate Control Sample Report

Laboratory Control Sample Report

Matrix S p i k e / M a t r i x Spike Duplicate Report

Single Control Sample Report
Method Blank Report

Descript ion
Signature page, report narrative as applicable.
Tabulated cross-reference between the Lab ID and
Client ID, including matrix, date and time sampled,
and the date received for all samples in t h e j j r o j e c L
Lists sample results, test components, reportingl imit s , dates prepared and analyzed, and any data
qualifiers. Pages are organized by test
Cross-reference between lab IDs and applicable QC
batches (DCS, L C S , Blank, MS/SD, DU)
Percent recovery and RPD results, with acceptancelimits, for the laboratory duplicate control samples
for each test are tabulated in this report. These aremeasures of accuracy and precision for each testAcceptance limits are based upon laboratoryhistorical data.
Percent recovery results for a single Laboratory
Control Sample (if appl icable) are ta imlg f t»r i in Th-is
report, with the appl icable acceptance l imi t s foreach test.
Percent recovery and RPD results for matrix-
spec i f i c QC samples and acceptance limits, where
applicable. This report can be used to assess matrixe f f e c t s on an analysis.
A tabulation of the surrogate recoveries for theblank for organic analyses. '
A summary, of the results of the analysis of the
method blank for each test

List of Abbreviations and Terms
Abbreviation

DCS
DU
EB
FB
FD
IDL
LCS
MB
MDL
MS
RPD
ppm (part-per-
million)
QUAL

Term
Duplicate Control Sample
Sample Duplicate
Equipment Blank
Held Blank
Held Duplicate
Instrument Detection Limit(Metals)
Laboratory Control Sample
Method Blank
Method Detection Limit
Matrix Spike
Relative Percent Difference
mg/L or mg/kg (usually)
Qualifier f l a g

Abbreviation
MSD
QCRun
QC Category
QCLot
ND
QC Matrix
RL
QC
SA
SD
TB
ppb (part-per-
billion)
DIL

Term
Matrix Spike Duplicate
Preparation Batch
LIMs QC Category
DCS Batch
Not Detected at or above thereporting limit expressed
Matrix of the laboratory
control sample(s)
Reporting Linut

-Quality Control
Sample
Spike Duplicate
T r i p Blank
ug/L or ug/kg (usually)
Dilution Factor



ft))uanterra
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T h i s r epor t p r e s e n t s t h e a n a l y t i c a l r e s u l t s a s w e l l a s s u p p o r t i n g i n f o r m a t i o n
t o a id in t h e e v a l u a t i o n and i n t e r p r e t a t i o n o f t h e d a t a and i s a r r a n g e d in t h e
f o l l o w i n g order:

o S a m p l e D e s c r i p t i o n I n f o r m a t i o n
o A n a l y t i c a l T e s t R e q u e s t s
o A n a l y t i c a l R e s u l t s

All a n a l y s e s a t Quanterra are p e r f o r m e d so that the max imum c o n c e n t r a t i o n o f
s a m p l e c o n s i s t e n t w i t h t h e method i s a n a l y z e d . D i l u t i o n s ar e a t t i m e s
required to avoid s a t u r a t i o n o f the d e t e c t o r , to achieve l i n e a r i t y for a
s p e c i f i c t a r g e t c o m p o u n d , , o r t o reduce m a t r i x i n t e r f e r e n c e s . I n t h i s e v en t ,
r e p o r t i n g l i m i t s a r e a d j u s t e d p r o p o r t i o n a t e l y .

A l l o f t h e z inc r e p o r t i n g l i m i t s were r a i s e d f o r a l l o f t h e s a m p l e s d u e t o a
f ow l e v e l r e s u l t d e t e c t e d in th e i n s t r u m e n t b l a n k a t th e end o f t h e a n a l y s i s
sequence. The b l a n k s o l u t i o n s were remade and the z i n c was no t d e t e c t e d
i n d i c a t i n g p o s s i b l e l o w l e v e l c o n t a m i n a t i o n . I n a d d i t i o n , s a m p l e s 049512-0004
t h r o u g h -0007, and -0009 were a n a l y z e d at d i l u t i o n s for m e t h o d 6010 due to the
e l e v a t e d c o n c e n t a t i o n o f z inc i n t h e s a m p l e s . T h e r e p o r t i n g l i m i t s were
raised r e l a t i v e t o th e d i l u t i o n s required.

S a m p l e D e s c r i p t i o n I n f o r m a t i o n
T h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n l i s t s a l l o f t h e s a m p l e s rece ived i n t h i s
p r o j e c t t o g e t h e r w i t h t h e i n t e r n a l l a b o r a t o r y i d e n t i f i c a t i o n number a s s i g n e d
f or each s a m p l e . Each p r o j e c t received a t Q u a n t e r r a ' s Denver l a b o r a t o r y i s
a s s i gned a unique s ix d i g i t number. S a m p l e s w i t h i n the p r o j e c t are numbered
s e q u e n t i a l l y . T h e l a b o r a t o r y i d e n t i f i c a t i o n number i s a c o m b i n a t i o n o f t h e
s i x d i g i t p r o j e c t code and th e s a m p l e sequence number.

A l s o g i v e n i n t h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n i s t h e S a m p l e T y p e ( m a t r i x ) ,
Date o f S a m p l i n g ( i f k n o w n ) a n d Date o f R e c e i p t a t t h e l a b o r a t o r y .
A n a l y t i c a l T e s t Requests
T h e A n a l y t i c a l T e s t Reque s t s l i s t s t h e a n a l y s e s t h a t were p e r f o r m e d o n each
s a m p l e . T h e C u s t o m T e s t c o l u m n i n d i c a t e s where t e s t s have been m o d i f i e d t o
c o n f o r m t o t h e s p e c i f i c r equ i r emen t s o f t h i s p r o j e c t .
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A N A L Y T I C A L R E S U L T S
F O R

R . A . S . , I n c .
F R E N C H G U L C H W A T E R S H E A O S T U D Y

Q U A N T E R R A E N V I R O N M E N T A L S E R V I C E S
D E N V E R N O . 049512

J U N E 2 4 , 1996

Reviewed by:
S u s a n H . M c C o o l
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I n t r o d u c t i o n
T h i s r e p o r t p r e s e n t s t h e a n a l y t i c a l r e s u l t s a s w e l l a s s u p p o r t i n g i n f o r m a t i o n
t o a i d i n t h e e v a l u a t i o n a n d i n t e r p r e t a t i o n o f t h e d a t a a n d i s arranged i n t h e
f o l l o w i n g order:

o S a m p l e D e s c r i p t i o n I n f o r m a t i o n
o A n a l y t i c a l T e s t Reque s t s
o A n a l y t i c a l R e s u l t s

All a n a l y s e s a t Quanterra are p e r f o r m e d so tha t the maximum c o n c e n t r a t i o n o f
s a m p l e c o n s i s t e n t w i t h t h e me thod i s a n a l y z e d . D i l u t i o n s a r e a t t i m e s
required t o avo id s a t u r a t i o n o f th e d e t e c t o r , t o a ch i eve l i n e a r i t y f or a
s p e c i f i c t arge t c o m p o u n d , o r t o reduce matr ix i n t e r f e r e n c e s . I n t h i s event ,
r e p o r t i n g l i m i t s a r e a d j u s t e d p r o p o r t i o n a t e l y .

•T-

S a m p l e s 049918-0003 t h r o u g h -0006, -0008, and -0010 were a n a l y z e d at d i l u t i o n s
f o r method 6010 due t o t h e e l e v a t e d c o n c e n t a t i o n o f z inc in th e s a m p l e s . The
r e p o r t i n g l i m i t s were ra i s ed r e l a t i v e t o t h e d i l u t i o n s r equ i r ed .
S a m p l e D e s c r i p t i o n I n f o r m a t i o n
T h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n l i s t s a l l o f t h e s a m p l e s received i n t h i s
p r o j e c t t o g e t h e r w i t h t h e i n t e r n a l l a b o r a t o r y i d e n t i f i c a t i o n number a s s i g n e d
f or each s a m p l e . Each p r o j e c t received a t Q u a n t e r r a ' s Denver l a b o r a t o r y i s
a s s i g n e d a unique s i x d i g i t number. S a m p l e s w i t h i n t h e p r o j e c t a r e numbered,
s e q u e n t i a l l y . The l a b o r a t o r y i d e n t i f i c a t i o n number i s a c o m b i n a t i o n o f t h e
six" d i g i t p r o j e c t code and the s a m p l e sequence number.
A l s o g iven i n t h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n i - s t h e S a m p l e T y p e ( m a t r i x ) ,
Date o f S a m p l i n g ( i f k n o w n ) and Date o f R e c e i p t a t t h e l a b o r a t o r y .
A n a l y t i c a l T e s t Requests
The A n a l y t i c a l T e s t Reques t s l i s t s th e a n a l y s e s that were p e r f o r m e d on each
s a m p l e . T h e C u s t o m T e s t c o l u m n i n d i c a t e s where t e s t s have been m o d i f i e d t o
c o n f o r m t o t h e s p e c i f i c r equ ir ement s o f t h i s p r o j e c t .



f))uanterra
L I M s Report Key

Sect ion
Cover Letter
Sample Description. Information

Sample Analysis Results Sheets
QC LOT Assignment Report

Duplicate Control Sample Report

Laboratory Control Sample Report

Matrix S p i k e / M a t r i x Spike Duplicate Report

Singl e Control Sample Report
Method Blank Report

Descript ion
Signature page, report narrative as applicable.
Tabulated cross-reference between the Lab ED and
Client ID, including matrix, date and time sampled,
and the date received for all samples in the project
Lists sample results, test components, reporting
limits, dates prepared and analyzed, and any data
qual i f i er s . Pages are organized by test
Cross-reference between lab IDs and appl i cable QC
batches (DCS, LCS, Blank, MS/SD, DU)
Percent recovery and RPD results, with acceptance
l imi t s , for the laboratory duplicate control samples
for each test are tabulated in this report. These are
measures of accuracy and precision for each test
Acceptance limits are based upon laboratoryhistorical data.
Percent recovery results for a single Laboratory
Control Sample (if appl i cab l e) are tabulated in this
report, with the appl i cab l e acceptance limits for
each test
Percent recovery and RPD results for matrix-
spec i f i c QC samples and acceptance limits, where
applicable. This report can be used to assess matrix
e f f e c t s on an analysis.
A tabulation of the surrogate recoveries for the
blank for organic analyses. "
A summary, of the results of the analysis of the
method blank for each test

List of Abbreviations and Terms
Abbreviation

DCS
DU
EB
FB
FD
IDL
LCS
MB
MDL
MS
RPD
ppm (part-per-
million)
QUAL

Term
Duplicate Control Sample
Sample Duplicate.
Equipment Blank
Field Blank
Field Duplicate
Tn<fn7Tpent Detection Lnrrit
(Metals)
Laboratory Control Sample
Method Blank
Method Detection Limit
Matrix Spike
Relative Percent Difference
mg/L or Tng/lcg (usually)
Qual i f i e r f l a g

Abbreviation
MSD
QCRun
QC Category
QCLot
ND
QCMatrix
RL
QC
SA
SD
TB
ppb (part-per-
billion)
DDL

Term
Matrix Spike Duplicate
Preparation Batch
LIMs QC Category
DCS Batch
Not Detected at or above thereporting limit expressed
Matrix of the laboratorycontrol sample(s)
Reporting Limit

•Quality Control
Sample
S p i k e Duplicate
T r i p Blank
ug/L or ug/kg (usually)
Dilution Factor
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S A M P L E D E S C R I P T I O N I N F O R M A T I O Nf o rR . A . S . I n c .

L a b I D
049918-049918-049918049918049918049918049918049918049918049918049918049918

• 0 0 0 1 - S A•0002-SA•0003-SA•0004-SA•0005-SA•0006-SA•0007-SA•0008-SA•0009-SA•0010-SA• 0 0 1 1 - S A•0012-SA

C l i e n t I D
F G 0 0 2 3F 6 0 0 2 4F G 0 0 2 5F60026F G 0 0 2 7F G 0 0 2 8F G 0 0 2 9F G 0 0 3 0F G 0 0 3 1F G 0 0 3 2F G 0 0 3 3F G 0 0 3 4

M a t r i x
A Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U S

S a m p l e dDate T i m e
27 JUN 9627 JUN 9627 JUN 9627 JUN 9627 JUN 9627 JUN 9627 JUN 9627 JUN 9627 JUN 9627 JUN 9627 JUN 9627 JUN 96

ReceivedDate
28 JUN 9628 JUN 9628 JUN 9628 JUN 9628 JUN 9628 JUN 9628 JUN 9628 JUN 9628 JUN 9628 JUN 9628 JUN 9628 JUN 96



A N A L Y T I C A L T E S T R E Q U E S T Sf o rR . A . S . I n c .

tcuanterra
Environ men lal

$cr\'iccs

L a b I D :049918 G r o u pC o d e A n a l y s i s D e s c r i p t i o n
0001 - 0012 I C P M e t a l s ( T o t a l )P r e p - T o t a l M e t a l s , I C P

C u s t o mT e s t ?
YN



f/uanterra
Environmental

Services

A n a l y t i c a l R e s u l t s
T h e a n a l y t i c a l r e s u l t s f o r t h i s p r o j e c t a r e p r e s e n t e d i n t h e f o l l o w i n g d a t a
t a b l e s . Each d a t a t a b l e i n c l u d e s s a m p l e i d e n t i f i c a t i o n i n f o r m a t i o n , a n d when
a v a i l a b l e a n d a p p r o p r i a t e , d a t e s s a m p l e d , r e c e i v e d , a u t h o r i z e d , p r e p a r e d a n d
a n a l y z e d . The a u t h o r i z a t i o n data i s the d a t e when the p r o j e c t was d e f i n e d by
the c l i e n t such that l a b o r a t o r y work c o u l d b e g i n .
Data sh e e t s c o n t a i n a l i s t i n g o f t h e p a r a m e t e r s measured in each t e s t , t h e
a n a l y t i c a l r e s u l t s a n d t h e Quanterra r e p o r t i n g l i m i t . R e p o r t i n g l i m i t s a r e
a d j u s t e d t o r e f l e c t d i l u t i o n o f t h e s a m p l e , when a p p r o p r i a t e .
T h e r e s u l t s f r o m t h e S t a n d a r d Quant e rra Q A / Q C P r o g r a m , w h i c h g enera t e s d a t a
w h i c h a r e i n d e p e n d e n t o f m a t r i x e f f e c t s , a r e p r o v i d e d s u b s e q u e n t l y .
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U D O N A B A T E M E N T S Y S T E M S , I N C .
Executive Summary

In early 1996, Radon Abatement Systems, I n c . ( R A S ) 1 was contracted by the S t a t e of
Colorado's Division of Minerals and Geology to evaluate the a p p l i c a t i o n of s table
i s o t o p e hydro logy at the French Gulch Sit e . The objec t ive of this t e s t ing was to h e l p
delineate the source(s) of metal loading to French Creek. Based on the favorable results
of the initial f e a s i b i l i t y s tudy (Phase I) addi t i onal sampl ing was contracted (Phases II and
III). Over the period f rom March 1996 to June 1997, f iv e s ampl ing rounds were
conducted and 93 total samples were col lec ted. The water samples col lected were
evaluated for oxygen and hydrogen i so top i c signature. T o t a l zinc, cadmium and iron and
basic inorganic parameters ( p H , f l u i d electrical conductivity, and t emperature) for each
sample were also col lec ted. The samples included ground water, creek/ surface water and
s n o w / p r e c i p i t a t i o n samples. Please refer to Attachment I for the de ta i l ed f inal report of
this i s o t o p e study. T h i s report was prepared for RAS Inc., by I s o t o p e S o l u t i o n s , Inc. of
Berkeley, Cal i fornia.
In a d d i t i o n to the i s o t o p e evaluation, RAS per f ormed a d d i t i o n a l characterization
services at French Gulch. T h i s work was separately contracted by U R S , a U S E P A
contractor ( R A S , . 1 9 9 7 ) 2 . T h i s work was predicated by the conclusions of Phase II of
the i s o t o p e study. The ob j e c t iv e of this work was to fur ther d e l inea t e the role of the
mine pool to the metal f l u x at French Creek. T h i s work was conducted during low f l o w

|f conditions and included: 1) ambient f l o w evaluation in several monitoring wel l s near the
§ por ta l of the mine; and, 2) water quality l ogg ing ( p H , Eh, FEC and temperature),

discrete point f l u i d s ampl ing , video inspec t ion and f l o w l ogg ing of the Oro s h a f t .
Inves t igat ion of the Oro shaf t was performed during low f l o w conditions and was
l imited by obs truct ions to the u p p e r ha l f of the s h a f t . As such, only the u p p e r -300 f e e t
of the s h a f t could be evaluated. Vertical f l o w analysis was p e r f ormed at f our locations
corresponding to the d e p t h s of the 1 s t through 3rd levels and at 288 fee t (between the 3rd

and 4 t h l evel). The resul t s of the f l o w logging indicate that no measurable vertical f l o w
was occurring within this interval. D e p t h s p e c i f i c water sample s were c o l l e c t e d at 116,
186, 245 and 285 f e e t . T h e s e sampl ing d ep th s correspond with those d ep th s at which
the f l o w analys i s was p e r f o r m e d . The d e p t h s p e c i f i c sample s were analyzed for total
recoverable me ta l s , d i s s o lv ed metals , chloride , s u l f a t e s , to tal su spended s o l i d s , a l k a l i n i t y ,
O/D i s o t o p i c signature. The result s of this inves t igat ion indicated that the u p p e r por t i on
of the mine pool at the Oro shaf t is reasonably stagnant and has a s l ight ly d i f f e r e n t
i s o t o p i c and water q u a l i t y s ignature than other observed mine pool water. As such,
these data suggest that the u p p e r por t ion of the mine pool is stagnant and not

1 RAS is a group of engineers and scientists w h o ' s primary goal is the development of an in-situ
m e t h o d o l o g y to remove radionuc l ide s f rom groundwater. As part cf this research, RAS' team includesspe c ia l i s t s in the use of natural isotopes to evaluate source water and well capture zones.2 Radon Abatement Systems Inc., 1997. Geophysical Logging, Water Quality Evaluation and Stable
I s o t o p e S t u d y of the Oro S h a f t and Sel e c t ed Monitoring W e l l s at the Wel l ing t on-Oro Mine C o m p l e x ,
French Gulch, Colorado - Phase I Report- Low F l o w Condit ions, February, 30 pp.
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R A D O N A B A T E M E N T S Y S T E M S , I N C .
contributing to discharge at the f a u l t block. The f l o w l ogg ing conducted near the portal
area of the mine f u r t h e r d e l in ea t e s the f l o w p a t h f r o m the mine to the al luvium aquifer.
U p f l o w was observed in all but one the we l l s te s ted in the f a u l t block area between the
1110 and Bul lh id e f a u l t s . W e l l s tested up gradient of the fau l t block did not d i s p l a y such
strong u p f l o w . F r o m these r e su l t s , it is reasonable to conclude that the f a u l t block
system and mine workings in the f a u l t b lock system provide the dominant pathway for
metal contaminated mine pool waters to reach the alluvium aquifer, and subsequent ly,
French Creek.
The re sul t s of the i s o t o p e s tudy c learly indicate that waters associated with the mine
pool are d i r e c t l y r e s pon s i b l e for a major i ty of the metal l o a d i n g at French Creek. T h e s e
results also suggest that a minor proport ion of the metal loading is associated with the
mine ta i l ing s and roaster f i n e s (5-20%). The re sul t s of the i s o t o p e s tudy suggest a
hydrologi c model where seasonal snow melt i n f i l t r a t e s into the shallow alluvial aqui f er
up gradient of the mine poo l . At peak f l o w condi t ions , during spring r u n - o f f , the
hydraulic pressure associated with i n f i l t r a t i o n drives exi s t ing groundwater into both the
mine pool and the creek. T h i s increased hydraulic pressure then drives water from the
mine pool into the shal low alluvium and f r o m the shal low al luvium to French Creek.
The s table i s o t op e and f l o w l ogg ing indicate that the fau l t block area between the 11-10
and B u l l h i d e f a u l t s is the area where o u t f l o w f rom the mine is reaching French Creek.
The result s of the i s o t o p e s tudy also suggest that metal l oad ing f r om the roaster f i n e and
mill tai l ings is associated primarily with up wel l ing ground water and not surface
i n f i l t r a t i o n . The f o l l o w i n g is a summary of the conclusions derived f r o m the i s o t o p e
inves t igat ion:
1) Three d i s t i n c t s table i s o t op i c groupings were observed.
2) Snowmelt contributed only a small p r o p o r t i o n of the water re spons ib l e for increased
f l o w in French Creek during the period of sampl ing.
3) The bulk of the water f l o w i n g in French Creek during crest p e r i o d s had an oxygen
i so top i c composi t ion comparable to that of local groundwater and springs.
4) S i g n i f i c a n t i n f l o w of groundwater to French Creek occurs between the 11-10 and
Bullhide f a u l t s .
5) Increased sur face water metal l o a d i n g occurred during the snowmelt events.
6) S u r f a c e water i n f i l t r a t i o n was observed in we l l s MW-3 and MW-14. S u r f a c e water
i n f i l t r a t i o n was not observed in well MW-9, MW-16 and #3 relief well.
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S t a b l e Iso t op i c Investigation of 1996 and 1997 Snowmelt Events
in French Gulch, Colorado

Final Report
I n t r o d u c t i o n
When rain or snowmelt interacts with sulf ide-bearing rocks, oxidation of s u l f i d e minerals canproduce acid solutions charged with heavy metals that may be toxic to organisms living in nearbystreams and other surface water bodies. In many mining areas in the Western US, well developedlow-temperature su l fa t e alteration attests to interactions between groundwaters and sulf ide-bearingrocks producing acid solutions for tens or hundreds of thousands of years or more. In cases suchas these, the huge scale of the "toxic runof f phenomenon may limit remediation strategies tothose f o cu s ing on f l u i d management and water treatment. Mining companies should be heldaccountable for environmental problems that arise f rom natural processes (such as groundwaterinteractions with naturally occurring sulfide-bearing rocks) only to the degree that mining activitieshave exacerbated the situation.
In other mining areas, "toxic runof f may be caused by rain or snowmelt interacting with surfacedebris such as mine tailings or overburden pi le s that have been exposed to surface waters directlythrough mining activities. This type of "toxic runo f f is likely to be of smaller scale than thenatural groundwater/host rock interactions described above and e f f e c t i v e remedial designs mightinclude engineering approaches, such as capping and surface water diversion. It is easier to arguethat mining companies should be held accountable for environmental problems when miningactivities can be demonstrated to cause "toxic r u n o f f . In mining areas a f f e c t e d by "toxic r u n o f f ,therefore, it is important to d i s t ingui sh between "natural" processes and problems caused bymining activities.
This investigation was designed to resolve the roles of groundwater and surface waters in "toxicr u n o f f events associated with the major 1996 and 1997 S p r i n g snowmelts in the French Gulchhistoric mining area, near Breckinridge, Colorado. The f i e l d investigation was conducted in threephases. Phase I sampling was conducted on March 20, 1996, prior to the beginning of the S p r i n gmelting event to provide baseline stable i sotopic and geochemical information on groundwatersand surface waters (springs, creeks, snowpack) in the area.. A Phase II investigation wasimplemented based on the very high likelihood of success implied by the Phase I data.
In Phase II, groundwaters and surface waters from twelve sites were sampled three times duringthe snowmelt event of the Summer of 1996. Water samples were analyzed for oxygen andhydrogen isotopic composition, and for Cadmium, Iron, and Zinc concentration. Fie ldmeasurements included dep th to groundwater, water temperature, and electrical conductivity.
Phase III consisted of two sampl ing events in the Winter and S p r i n g of 1997, along with a fewanalyses of mine waters to investigate any systematic d i f f e r enc e s between the two stable isotopecontract laboratories used in this investigation. In Phase IH, 7 new groundwater and 7 new surfacewater sampling locations were added to provide additional coverage. As with Phase II, watersamples were analyzed for oxygen and hydrogen isotopic composition, as well as Cadmium, Iron,and Zinc concentration. As before, f i e l d measurements included dep th to groundwater, watertemperature, and electrical conductivity.
10/24/97
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A n a l y t i c a l M e t h o d s and N o t a t i o n
Oxygen i so tope ( 1 8 0 / 1 6 O ) and hydrogen i sotope (2HJ1H, or D/H) ratios are measured on anautomated gas-source mass spectrometer. Water sample s for O-isotope analysis are inlet d irec t lyinto an automated, computer driven gas equilibration system attached to the mass spectrometer.H y d r o g e n gas sample s are prepared for D/H ratio analysis using conventional reduction methodsover zinc beads in closed tubes or equivalent method. The hydrogen gas is inlet to the massspectrometer through an automated inlet system. Analytical reports are automatically printed andelectronically f i l e d in the mass spectrometer computer system.
All s table i sotopic data are reported using de l ta (8) notation, expressing parts per thousand (%c orper mil) d i f f e r e n c e s between the i so tope ratio of the sample and that of the standard, V - S M O W :

618O or 6D = ((Rs-Rv-SMOw)/Rv-SMOw) x 1000, where
R =180/160 or D/H,
S = sample, and
V - S M O W = Vienna Standard Mean Ocean Water.

Typica l analytical uncertainties (standard deviations f rom the mean) in the 8180 and 5D values ofwater sample s using the methods and instrumentation described above are ±0.1 and 1.0 %c,respectively at the 2a (95%) confidence level.
Cadmium, Iron, and Zinc concentrations were determined by I n d u c t i v e l y Coupled Plasma (ICP)spectrometry and are reported as ppm ( ~ m g / l ) . Analytical uncertainties for each element are givenin A p p e n d i x 2 of this report.
S a m p l i n g Locations
The sampl ing locations for this investigation are presented in T a b l e 1, below. Phases I (Base l ine)and II of this investigation included f o u r periodic sampl ings of these sites in 1996 (rising f l o w ,peak f l o w , and decreasing f l o w ) .
Phase III of the study consisted of two sampl ings: March 13, 1997 (rising f l o w ) and May 30,1997 (decreasing f l o w ) . The final two sampl ing s occurred nearly one year af t er the Phase IIs ampl ing s of 1996, but d i f f e r e d in one very significant way. During Phase II, no s igni f i cant rainf e l l prior to the J u n e , 1996 sampling. In 1997, however, a significant rainfall event occurredbetween the March and May samplings and the e f f e c t s of this rain may be discerned as smallperturbations on some of the stable i sotope trends (see below). Phase HI of the s tudy alsoincluded fourteen additional sampl ing locations, as listed in the bottom portion of T a b l e 1, below.Seven of the new samples were of various surface waters, while the remainder were fromunderground mine waters or groundwaters from wells .
Resul t s
T a b l e s 2, 3, and 4 show the results of metals, stable i sotopic, and f i e l d measurements, respect ively,carried out in this investigation. Time series p l o t s for all French Gulch sample s are included asA p p e n d i x 1 of this report. Analytical reports for metals and stable i so tope measurements areincluded as Appendi c e s 2 and 3, respectively.
10/24/97 2
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T a b l e 1 - S i t e s S a m p l e d in Phases I through III of the S t a b l e I s o t o p e I n v e s t i g a t i o n
S a m p l e s f rom Phases I ("Baseline) and II (Summer. 1996)
S a m p l e T y p e Location Comments
Groundwaters

Mine Water
Mine waste water
S p r i n g water
French Creek S a m p l e s

Snow
S a m p l e s A d d e d in Phases

MW#3
MW#9M W # 1 4M W # 1 6
#3 Relief
S B - R F 3
K D SFG-6C
F C @ C B
FG-7
F G - 8
Grab sample

I I I I n v e s t i g a t i o n

Contaminated, u p p e r and lower Qal, downgradientf r om mill tailings and mine siteClean, lower Qal, upgradient mine dischargeClean, shale bedrock, at 11-10 fau l tContaminated, shale bedrock at mine site
Contaminated well at mine site
At Roaster Fine s
Contaminated, upgradient f r o m mine siteContaminated seep, downgradient mine site
Clean, upstream from Country Boy Mine sit aboveaccess road and culvertContaminated, north i n f l o w to Dead Elk Pond,downstream from mine siteClean Phase II site, south in f l ow to Dead ElkPond, downstream from mine site
Phase I and Phase III site at MW-9 location

( S o r i n g and Summer. 19971
Groundwaters

Mine Water
Mine W a s t e Water
S p r i n g water

French Creek S a m p l e s

SnowRain

M W # 2 Contaminated, Q a l / p o r p h y r y , below mine and milltailings, near new mill tai l ings wellMW# 11 Clean, shale bedrock, above mineMW #12 Clean, porphyry bedrock, above mineMW #13 Contaminated, shale bedrock, main mine wastepi l eW T L - 0 2 Mill tailings well near M W - 2
Oro Contaminated, top of mine pool near 70'
WRO-1 Contaminated new RF well, saturated zone
1121 Contaminated seep, at base of dredge pi l e sdownstream from mineF G - 6 D Clean Qal? seep from under dredge tailingspi l e near contaminated seepsQal S e e p At mine site
FG-1 Clean, upstream from site for backgroundFG-9 Contaminated, near USGS f l o w gauge atconfluence with Blue RiverF G - 1 5 Pool adjacent to creekT S - 4 U S G S site j u s t below Bullhide f a u l t
Grab sample Clean, upstream, near FG-1 locationGrab sample Clean, near F G - 9 site
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T a b l e 2. Metal s Data for French Gulch Water Sample s

Sample
F G 1 . 1 3
F G 2 , 1 2
F G 3 . 1 8
FG4, 16
F G 5 . 1 7
FG 6, 20
F G 7 , 1 9
F G 8 , 1 5
FG9, 14
F G 1 1 . 2 1
F G 2 2

Location
MW-14
MW-9
MW-16
MW-3
#3 Relief
FC6C springKertnyDog Spr.
Roaster Rnes3
F C r e e k € > C 8
FG7,LowerFC.
F G S O e a d E l k P d

Phase 1 - Baseline (3/20/96}
C d ( p p m )

0.013
<0.005
0.046
0.12
0.2

0.14
0.072

<O.S
<0.005
0.027

N D

F e ( p p m )
1.7

0.51
99.3
211
188
201
16.7

26,900
22.
1.3
NO

Z n ( p p m )
039

0.092
96.8
167
165
159
8.4

4,530
0.4

13.4
NO

Phase 2- fast ( 6 / 1 0 / 9 6 )
C d ( p p m )

0.01
0.0054
0.072
0.34
0.63
0.54

0.017
13nd

0.0089
0.0064

F e ( p p m )
5.9

0.46
120
297
169
165
2.1

4,090nd
0.64
0.16

Z n ( p p m )
1.7

0.13
127
277
230
355
9.6

3,160
nd
2.6

0.76

S a m p l e
F G 2 4 F 3 7
FG 23, 36
FG 26, 38
FG 28, 35
FG 27, 39
F G 3 0
FG 32, 43
FG 29, 41
FG 25, 40
FG 31, 42
F G 3 3 , 4 4
FG 34, 45

Location
MW-14
MW-9
MW-16
MW-3
#3 Relief
#3 Mine
FC6C spring
KennyDog Spr.
Roaster Fines.3FCreek G CB •
FG7,l_owerFC.
F G B D e a d E l k P d

Phase 2 - Second ( 6 / 2 7 / 9 6 )
C d ( p p m )
0.0075nd
0.092
031
0.72
0.680.61

0.01115.2
nd

0.0074
nd

F e ( p p c n )
15.7

nd
117
279
184
164
163
11.2

3,750
0.18
0.28
0.13

Z n ( p p m )
4.3
nd

124
256
242
232
328
7.9

3,360
0.048

2.7
0.66

Phase 2 - Third ( 7 / 2 2 / 9 6 )
C d ( p p m )

nd
nd

- 0.058
0.17
0.53

ND
0.34

nd
13.6nd

0.0073
nd

F e ( p p m )
15.1
0.51
94.5
338
144
ND
334
2.8

3,940
nd

0.27
0.13

Z n ( p p m )
4.6

0.17
106
243
199

ND
285
6.1

3,260
0.025
4.2

0.59

' S a m p l e "
FG 55, 98
FG 56. 9.9FG 58, 104
F G 6 0 . 1 1 0
F G 5 7
F G 1 0 5
FG 64, 89
FG 65, 93
F G 7 8 . 1 0 3
FG 66, 90
F G ; 6 7 , 84
FG 68, 85
F G 5 9 . 1 0 9
FG 62,1 QQ
FG 69, 97
FG 63, 107
FG 70, 96
FG 73, 82
FG 74, 91
F G 7 5 , 86
FG 76, 88
FG 77, 87
F G 1 0 1
F G 1 0 2
F G . 1 0 6
F G 1 0 8

"Location"
MW-14
MW-9
MW-16
MW-3
#3 Relief W e l l
#3 Mine
FC6C spring
KennyDog Spr.
Roaster Fines?
FCreek 6>C8F G 7 , L p * e r F C _
F G S D e a d S k P d
MW-2 "" """
M W - 1 1
M W - 1 2
MW-3 3FG-1 creek
FG-9 creek
F G - 1 5 p o o l
1121 seep
F G - 6 D s e e p
TS-4 creek
Orb shaft.
WRO-1 well
Qals e ep
W T L - 0 2 w e D

P r « K e 3 - T 6 u r t h ( 3 / 1 3 / 9 7 ) "
C d ( p p m )
0.0059
0.0081

0.13
0.16
0.19

ND
0.14.

0X151
8.5

0.0073
0.026nd

" 0.012 "
0.047
0.0052

5.6
nd

0.011nd
0.043
0.01

ndND;
N D
N D
N D

F e ( p p m )
12.4
036
127
22.1155

N D
197
1.5

23,100.
0.021

2,9.
nd

" 113nd
0.46
11.90.24
0.922.4
36.9
17.1
1.7-
ND
N D
N D
N D

Z n ( p p m )
1.9

0.085.
140
178
170

N D
164
3.2

3,400
nd

15.9
0.55" "66.7

3.9.
0.14

1,550
0.034
4.8
1.2

54.9
28,2
0.57-

N D
ND
N D
N D

' — — — Phase3 - F f f t h I 5 / 3 p / 9 7 ) — — —
C d ( p p m )

nd
nd

0.057
026

ND
0.41
0.12

0.022
14,2

nd
0.011

nd
" nd

0.076
nd
4.8
nd

0.0086
0.16
0.06

0.009.7
0.0064

0.76
14.5

0.079
0.011

F e ( p p m )
19.4
nd

80.6
351

N D
148
236

0.95
3,240
0.62
0.53
0.19
"168

nd
2.6

14.6nd
0.34
4.6
2

4.4
0.42
20

1,260.
0.75
86.7

Z n ( p p m )
6.7

0.072
87.6
325

N D
192
234
1.05

3,180
0.56
4.3

0.8S
14.9
8.5
0.4

1,280O.OS7
2.7

32.1
27.8
12,9
1.6
136

2,750
20.8
86.8

ND = Not Determined " " rid -not detected
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Tabl e 3, Stable isotope Qata for French Gulch Water Sample s

Oxygen Uoto tJe t; s"O pu\
Sampl e

FG 1,13, 24, 37, 55, 98
FG 2,12, 23. 36, 56, 99
FG 3,18, 26, 38, 58,. 104
FG. 4,16, 28, 35. 60, 110
FG 5.17. 27, 39, 57
F G 3 0 . 1 0 S
F G 1 0 . 7 J . 9 4
FG 6, 20, 32, 43, 64, 89
FG.7;19..29( 41. 65i93_
FG 8,1 5, 25, 40. 78, 103
FG 9.14, 31. 42. 66, 90
FG 11, 21, 33,44, 67.84
FG 22. 34, 45. 68, 85
FG 72, 95
F G 5 9 , 109
F G 6 2 . 1 0 0
FG 69, 97
FG 63, 107
FG 70, 96
F G 7 3 , 82
FG 74. 91
FG 75, 86
F G 7 6 , 88
FG 77, 87
F G 8 3
F G 1 0 1
F G 1 0 2
F G 1 0 6
F G 1 0 8

• V-SHOWJ)
Location

MW-14-
MW-9
MW-16.
MW-3
#3 Relief:
#3 Mine
Snow at MW-9FC6C spring
K e r m y D j s g . S p r .Roaster FinesS
FCreeke.CB
F G 7 , L o w e r F C
FG8 DeadEIkPd
Snow at FG-1 '
MW-2
MW-11
MW-12
MW-13FG-1 ere*
FG-9 creek -
F G - 1 5 p o o l
1121 seep
F G - € O s e e pTS-4 creek
R » n t t F G - 9
Oro sha f t
WRO-1 wen
Qals e ep .
W T L - 0 2 w e H

Phase 1
BaseSne.

3/20/96-
-17.7-
-18.0
-18,9
-18.2
-18.8

NO
-27:2
-18.7-
-21.0.
-17.4.
-18.0
-18.1

NO
ND
ND
NO
NO
NO
NO
NO
NO
ND
NO
ND
ND
ND
ND
ND
ND

Phase 2
- Fir s t , j

6 / 1 0 / 9 6
-18.1
-17.9
-18.6.
-18.4.
-18.5

ND
ND

-18.5
-18.6.
-17.8
-18.1
-18.1
-18.0

NO
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Second
6/27/96

-18.8
-18.0
-18,8.
-18.6
-18.8
-18.7

ND
-18.6
-18.7
-17.8
-17.8
-18.2 .
-18.1

ND
ND
ND
ND
NO
ND
ND
ND
ND
ND
ND
NO
ND
ND
ND
NO

Third
7 / 2 2 / 9 6

-18.4
-17.4
-18.6
-18.6
-18.7

ND
ND

-18.0
-18.7
-17.8
-17.8
-17.8
-17.9

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Phase 3
F o u r t h
3 / 1 3 / 9 7
-18.2 .
-17.5
-18.6
-18.1
-18.5

ND
-23.6
-18.3
-18.7
-17.3
-17.7 '
-17.8

-17.65
-2£4
-18.2
-17.6
-18.0
-17.3
-17.6
-17.7-
-17.8
-18.0
-17.8
-17.8

ND
ND
ND
NO
ND

F i f t h
5/30/97
-18.3
-17.7
-18,3
-18.2

NO
-18.5
-21.6
-18.3
-18.3.
-17.2
-18.4.
-17.9
-17.9
-19.4
-18.5
-18.0
-18.1
-17.3
-18.3 "
-17.8

-17.93
-18.0
-17.8
-18.0
-17.0
-17.6
-17.7
-17.S
-17.S

Hydrogen t»top«s:4 >CK.**V-BMOW$\.
Sample

FG 1.13, 24, 37. 55, 98
FG 2,12, 23, 36, 56, 99
FG 3,18, 26, 38, 58, 1O4
FG 4,1 6, 28. 35, 60. 110
FG 5,17; 27, 39. 57;
FG30..105
F G 1 0 . 7 1 . 9 4
FG 6, 20.32,43.64,89
F G 7 . 1 9 , 29, 41,65.93
FG 8.15, 25.40,78,103
FG 9,14, 31. 42, 66. 90
F G 1 1 , 21.33,44, 67, 84
FG 22, 34. 45. 68, 85
FG 72, 95
F G 5 9 , 109
F G 6 2 . 1 0 0
FG 69, 97
FG 63, 107
FG 70, 96
FG 73, 82
FG 74, ( 9 1 , 9 2 )
FG 75, 86
FG 76, 88
F G 7 7 . 8 7
F G 8 3
F G 1 0 1
F G 1 0 2
F G t 0 6
F G 1 0 8

Location
MW-14
MW-9
MW-16
MW-3
#3 Relief
#3 f ine-
Snow at MW-9
FC6C spring.Kenny D o g S p r .
Roaster FinesS
F C r e e k € > C 8 .
F G T V L o w e r F C .FG8 DeadEIkPd
Show at FG-1
MW-2
MW-11
MW-12
MW-13
FG-1 creek.FG-9 creek
F G - I S p o o l
1121 seep
F G - 6 D s e e p
TS-4 creekRain at FG-9
Oro sha f t
WRO-1 welt
Qal mine seep
W T L - 0 2 w e «

Phase 1
BaseSne
3/20/96

-132
-131
-141
-136
-141

NQ
-2O6
-141
-159
-133
-132
-132.

N D -
NO
NO
ND
ND
NO
ND
NO
ND
ND
ND
ND
NO
ND
ND
NO
ND

Phase 2
First

6 / 1 0 / 9 6
-134
-136
-144
-143
-143ND

ND
-143
-144
-130
-136
-137
- 1 3 6 ' -

ND
ND
ND
NO
NO
NO
ND
ND
ND
NO
NO
ND.
ND
ND
ND
ND

Second
6 / 2 7 / 9 6

-142
-137
-145
-139
-144
-146

ND
-139
-141
-137-
-127-
-127-
-127

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
NO.
ND
ND
ND
ND

Third
7 / 2 2 / 9 6

-131
-122
-135
-135
-135

NO.
ND

-136
-142

ND
-126
-127
-125

ND
ND
ND
ND
ND
NO
ND
ND
ND
ND
ND
ND.
ND
ND
ND
ND

Phase 3
Fourth
3 / 1 3 / 9 7
-141 .5

-132
-136.5
-139.5
-143

ND.
-186.5
-146
-149
-141

-135.5
-137 -
-137

-176.5
-140
-131

-139.5
-135.5
-134.S
-138

-136.5
-142.5
-139.5

-137
NO.
ND
ND .
ND
ND

F i f t h
5 / 3 0 / 9 7
-147.5

-139
-148
-144

ND
-147
-173
-149

-146.5
-139.S
-142

-141.5.
-140.5

-155
-145

-142.5
-149

-1383
-139.5

-14.1
-140.5

-141
-142

-140.5
-139.5.
-140

-143.5
-146
-138

ND -Not Determined
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T a b l e 4 . F i e l d Measurement s f o r F r e n c h G u l c h W a t e r S a m p l e s

S a m p l e
F G 1 , 1 3
F G 2 , 1 2
FG 3, 1 8
F G 4 , 1 6
F G 5 , 1 7
F G 3 0
FG 6, 20
F G 7 , 1 9
FG 8, 1 5
F G 9 , 1 4
F G 1 1 . 2 1
F G 2 2

Location
M W - 1 4
MW-9
M W - 1 6
MW-3
#3 R e l i e f Well
#3 Mine
F C 6 C spring
KennyOog Spr.
Roaster F i n e s SF C r e e k «> C3
F G 7 , L o w e r F C
F G S D e a d E l k P d

Phase 1 - Baseline ( 3 / 2 0 / 9 6 )
Depth to

Water ( f t )
24.00
20.80
13.57
16.97
13.40

N D
N A
N A
ND
NA
NA
N D

TemperatureC C )
8.6
5.0

10.1
9.4
8.1
ND
7.6
5.6

11.2
4.6
1.0
ND

pH
6.26
7.06
S . 5 3
5.39
5.55

N D
5.35
6.32
2.23
6.30
6.03

N D

ConductivityO i S / c m )
1,885
260

2,450
2,270
2,420

N D
2.480

80
25,500

180
395

ND

Phase 2 - F i r s t ( 6 / 1 0 / 9 6 )
Depth to

Water ( f t )
5.95

17.35
1.00

14.27
1.40

ND
NA
NA

5.92
NA
N A
N A

Temperature
C C )
10.0
4.8
9.7
7.8
10.4

N D
1 1 . 1
8.5

13.3
3.3
3.6
3.9

pH
N D
N D
NO
N D
N D
N D
N D
N D
ND
N D
ND
N D

Conductivity
( n S / c m )

1,879
283

2,790
3,390
2,860

ND
3,110

613
9,910

86
155
119

NA - Not A p p l i c a b l e ND - Not Determined

S a m p l e
FG 24, 37
FG 23, 36
FG 26, 38
FG 28, 35
FG 27, 39
F G 3 0
FG 32. 43
FG 29, 41
FG 25, 40
F G 3 1 , 4 2
FG 33, 44
FG 34, 45

Location
M W - 1 4
MW-9
MW-16
MW-3#3 R e l i e f Well
#3 Mine
F C 6 C spring
KennyDog Spr.
Roaster FinesS
FCreek @ CB
F G 7 , L o w e r F C
F G S D e a d B k P d

Phase 2 - Second ( 6 / 2 7 / 9 6 )
Depth to

Water ( f t )
9.88
18.80
2.95
14.781.47

NA
NA
NA

6.49
N A
N A
N A

T e m p e r a t u r e
C C )
6.8
6.6
10.3
8.1
9.9
8.8
9.9
7.3

12.5
5.2
7.7
6.5

pH
i*D
N D
ND
ND
N D
ND
N D
N D
N D
N D
ND
N D

Conduct ivi ty
G i S / c m )

1,739
320

2
2,240
1,959
1,927
2,350
391

9,080
52

103
75

Phase 2 - Third ( 7 / 2 2 / 9 6 )
Depth to

Water ( f t )
14.45
18.84
6.32
15.75
3.96

N D
N A
NA

8.45
N A
N A
N A

T e m p e r a t u r e
C C )
10.4
8.0

11.2
8.5

11.4
N D
7.7
9.3
13.1
7.6

11.3
9.8

pH
N D
N D
N D
ND
N D
ND
N D
N D
ND
N D
N D
N D

C o n d u c t i v i t y
( n S / c m )

1,912
316

2,129
2.370
2,060

N D
2.380
425

9.840
71

162
98

NA •= Not A p p l i c a b l e ND - Not Determined

S a m p l e
FG 55, 98
FG 56, 99
F G 5 8 , 1 0 4
F G 6 0 , 1 1 0
F G 5 7
F G 1 0 5
FG 64. 89
FG 65, 93
F G 7 8 , 1 0 3
FG 66, 90
FG 67, 84
FG 68, 85
F G 5 9 , 1 0 9
F G 6 2 , 1 0 0
FG 69, 97
F G 6 3 , 1 0 7
FG 70, 96
FG 73, 82
FG 74, 91
FG 75, 86
FG 76, 88
FG 77, 87
FG 101
F G 1 0 2
F G 1 0 6
F G 1 0 8

Location
M W - 1 4
MW-9
M W - 1 6
MW-3
#3 R e l i e f Well
#3 Mine
F C 6 C spr ing
KennyDog Spr.
Roaster F i n e s SF C r e e k S> CB
F G 7 , L o w e r F CF G S D e a d E l k P d
MW-2
M W - 1 1
M W - 1 2
M W - 1 3
FG-1 creek
FG-9 creek
FG-1 5 pod
1 1 2 1 seep
FG-6D seep
TS-4 creekOro s h a f t
WRO-1 wellQal seep
W T L - 0 2 well

. Phase 3 - F o u r t h ( 3 / 1 3 / 9 7 )
Depth to

Water ( f t )
24.19
20.99
14.19
16.78
13.24

ND
N A
N A
N D
N A
NA
NA

15.28
32.22
26.26
33.65

NA
N A
N A
N A
N A
N A
N D
N D
ND
ND

Tempera ture
CC)
4.0
2.5
7.4
5.9
8.4
ND
6.3
3.2
N D
1.8
1.2
1.7
6.7
5.2
5.7
6.7
1.1
2.4
1.7
0.9
1.6
3.7
N D
N D
ND
ND

p H
6.83
8.10
6.40
6.29
6.16

N D
5.65
6.75

ND
7.65
6.89
7.10
6.80
6.98
7.16
6.15
7.39
6.92
7.13
6.13
6.29
7.78

N D
N D
N D
N D

Conduct ivi ty
( l i S / c m )
2,440
214

2,690
2,650
2,670

ND
567?

98
N D
33

102,7
38

2,770
433
52

5,240
26
80
40

267
177
36
N D
N D
N D
N D

Phase 3 - Fif th ( 5 / 3 0 / 9 7 )
Depth to

Water ( f t )
4.56
17.60
0.00
14.98

N D
NA
NA
N A

6.37
N A
NA
N A

10.68
23.75
25.49
14.80

NA
N A
N A
N A
N A
N A

67.90
13.19

N A
7.65

T e m p e r a t u r e
CC)
5.0
2.6
9.5
S.6
ND
8.4
6.2
6.6

11.8
2.2
2.7
2.6
5.7
4.7
6.4
6.4
1.9
2.9
2.1
1.9
3.4
2.5
6.9

11.0
5.2
0.7

pH
6.87
7.61
6.37
6.16

N D
5.74
6.08

N D
3.76

N D
6.93
6.77
6.92
6.98
7.69
6.14

ND
7.20
4.05

N D
N D
N D

3.34
3.67
6.04
6.44

Conduc t iv i ty
( p S / c m )

3.150
519

2,070
4,310

N D
2,850
3,900
670

13,240
172
266
189

3,260
895
255

5,340
115
250

1,000
930
572
176

2,000
10,350

586
2.260

NA - Not A p p l i c a b l e ND •= Not Determined
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S t a b l e I s o t o p i c Compo s i t i on s o f French Gulch Precipitation
Figure 1 shows the oxygen and hydrogen i sotope composi t ions of all prec ipi tat ion (snow and rain)sample s collected in 1996 and 1997. When plo t t ed on a conventional meteoric water line diagram,the data array form a line with a s lope similar to that of the Global Meteoric Water Line (MWL),but four of the f i v e samples are s l i g h t l y displaced to the right of the MWL. Sublimation of snowdoes not change the stable i so topic composit ions, but s h i f t s to the right (or below) the MWL arecharacteristic of evaporation prior to sampling. The Baseline snow sample at the MW-9 site inMarch, 1996 had the lightest (most negative) stable isotopic composition (818O = -27.2 %c). Asubsequent snow sample f rom this site in March, 1997 showed a considerably higher value (-23.6%o), attesting to strong climatic variability in the annual stable i so topic signatures of s n o w f a l l inColorado. A final snow sample from this site, collected in May, 1997 yie lds an even higher (le s snegative) 818O value, due either to evaporation or to mixing with higher-18O rainwater (or both). Asnow sample s f rom the FG-1 site (818O = -22.4 %o in March, 1997) is similar to the MW-9 snowsample of the same date, while a f ina l snow sample from FG-1 is enriched in 180, again due toevaporation and/or incorporation of higher-18O rainfall . F i n a l l y , a rainfall sample at FG-1 had thehighest 818O value of any water sample analyzed in this investigation (818O = -17.0 %o). Thisrelatively 18O-rich rainfa l l signature is not unexpected, since local groimdwater must be a mixtureof low-18O snowmelt and higher-18O rainfa l l , with the groundwater stable i sotopic compos i t i onsf a l l i n g in between the two prec ip i ta t ion sources.
I m p l i c a t i o n s of Phase I (Basel ine) I s o t o p i c Result s
The stable i so topic results for Phase I sample s , collected in March, 1996 at a time of minimumwater levels and low stream f l o w , are shown on Figure 2. All Baseline samples f a l l on or near theglobal meteoric water line (MWL), indicating that the data are reasonably accurate and precise, andthat none of the sample s has s u f f e r e d large amounts of evaporation. The pos i t ion of the twospr ing sample s s l i g h t l y to the right of the global MWL, however, may indicate minor evaporationprior to sampling (Figure 2).
In general, the 8 I 8 O and 8D values of French Gulch water samples covary linearly as with allmeteoric waters. Further discussions of stable i sotope data, therefore, will focus s o l e ly on theoxygen isotope compositions. All conclusions based on the oxygen isotopes are, of course, alsovalid for the hydrogen isotopes.
The isotopic similarity of local groundwaters and sample s f r o m French Creek impl i e s that theprincipal source of water in French Creek in mid-winter is groundwater. The considerableoxygen isotopic contrast between local groundwaters/French Creek samples (818O = -18.3 ± 0.6%o) and the mid-winter 1996 snowpack (818O = -27.2 %o) are extremely favorable for conductingi so topic mass balance s tudies during the snowmelt event Given the analytical uncertainty of ±0.1%o for O-isotopic data on water samples, it has been possible to estimate snowmelt vs.groundwater contributions to French Creek during the 1996 snowmelt event with an accuracy ofapprox ima t e ly 2% (as i l lu s trated below).
The distinctive stable isotopic composition of the Baseline Kenny Dog S p r i n g (KDS) sample( F i g u r e 2) indicates that the KDS waters contained a s ignificant proportion of local snowmelt.F i e l d observations at the time of s ampl ing (W. Pedler, pers. comm. to BMS) are consistent withthis conclusion. If it is assumed that (1) KDS water had an original 8180 value of -17.4 %o(identical to most 180-rich French Creek and local groundwater samples measured in Phase 1 of
10/24/97 7
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S t a b l e I s o t o p e C o m p o s i t i o n s o f F r e n c h G u l c h P r e c i p i t a t i o nMarch, 1996 to May, 1997
- T O O

-120--

-140--

op -160-->
> -180-sl
© -200--

-220 --

-240
-30 -28 -26 -24 -22 -20

8 1 80(%«vs V - S M O W )
-18 -16

F i g u r e 1
O MW-9 snow,3/96
A MW-9 snow,3/97
D MW-9 snow,

5/97

• FG-1 snow,
3/97

• FG-1 snow,5/97
X FG-9 rain,5 / 9 7

- M W L

-120

-240
-30

F r e n c h Creek S t a b l e I s o t o p e W i n t e r Base l ine F i g u r e 2

x Groundwat er
• F r e n c h Creek
+ S p r i n g s
A Snow

M W L

-24 -22 -20
S 1 8 O ( % o V S V - S M O W )

1 0 / 2 4 / 9 7 8
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this investigation), and (2) French Gulch snowmelt had a 818O value of -27.2 ±0.1 %o (asmeasured), then the calculated proport ion of snowmelt in the KDS sample (818O = -21.0 ±0.1 %c)is 37 ± 2%. This example illustrates the stable isotopic mass balancing capabilities for s imple ,two-component water mixtures.
Although there are strong correlations between metals contamination, low pH, and high electricalconductivity, Figure s 3a-c show that there is no striking correlation between metal concentrationsand stable i so tope composition of French Gulch surface waters (filled squares and p l u s e s ) andgroundwaters ("x"s) in the winter of 1996. Under the hydrologic conditions in which the Baselineinvestigation was conducted (winter with no significant snowmelt), French Creek sample s andmost springs have i sotopic compositions s tr ikingly similar to local groundwater. Contaminatedgroundwaters, therefore, are likely to have been responsible for the mid-winter metalcontamination measured in one of the mid-winter French Creek samples. Other contaminatedsurface waters such as the waste waters at the Roaster Fines , also exhibited stable isotopiccomposi t ions similar to local groundwater in the winter of 1996, sugge s t ing a similar origin.
Changes in Water Levels dur ing the S n o w m e l t Event
Figure s 4a and 4b show the relative changes in water level for the f i v e we l l s sampled during thisinvestigation p l o t t ed against the number of days since the Baseline sampl ing. The s e f i gur e s revealthat:
• Three wells in the shale aquifer (MW-14, M W - 1 6 , and #3 R e l i e f ) showed a marked increasein water level during the f ir s t 60 days, f o l l o w e d by a decline in the ensuing 50 days. In theS p r i n g of 1997, these three wells showed an increase in water level similar to, or s l i g h t l y largerthan the increases measured in the S p r i n g of 1996.
• The two well s in the alluvial aquifer ( M W - 3 and M W - 9 ) showed similar, less pronouncedincreases in water level in each of the S p r i n g sampl ing periods.
• The peak water levels occurred approximately 60 days a f t er the Baseline sampling. Therea f t e r ,water levels begin to return to l ow- f l ow conditions, a process that was apparent ly comple t e-160 days af t er the Baseline s ampl ing (i.e., in early September , 1996).
• Monitoring wel l s M W - 1 1 and M W - 1 3 , both completed in shale bedrock, showed s igni f i cantrises in water level during the S p r i n g of 1997, similar to the large rises observed in shalemonitoring wells in the S p r i n g of 1996. Conversely, 1997 monitoring wel l s completed inporphyry bedrock (MW-2 and MW-12) showed much smaller rises in water level in theS p r i n g of 1997, similar to the small rises observed for alluvial wells in the S p r i n g of 1996.
Oxygen I s o t o p i c Response to the Snowmel t Events
F i g u r e s 5a and 5b ( d e t a i l ) i l lustrate the oxygen isotopic compos i t ions of well, spr ing , and FrenchCreek samples through six sampl ing s extending over fourteen months, from the 1996 mid-winterBaseline ( 3 / 2 0 / 9 6 ) to late S p r i n g of the f o l l o w i n g year ( 5 / 2 9 / 9 7 ) . F i g u r e 5a also shows the oxygeni s o top i c compos i t ions of three snow sample s collected at the M W - 9 site over the course of thestudy.
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8180 vs Cadmium - W i n t e r Baseline
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W a t e r Level Changes in F r e n c h G u l c h M o n i t o r i n g Wel l s
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W a t e r Level Change s in New Phase 3 M o n i t o r i n g Well s
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F i g u r e 5a
F r e n c h G u l c h Oxygen I s o t o p e T r e n d s
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— X — M W - 1 4
— X — M W - 9
— j ! t - M W - 1 6
— O — M W - 3
—O-#3 Relie f

• #3 Mine
— * — F C 6 C spr ing

K e n n y D o g S p r .
— • — R o a s t e r F i n e s S
— I — F C r e e k @ C B
— « — F G 7 , L o w e r f C
— — — F G S D e a d E l k P d

A Snow@MW-9

-28
3/20/96 6/10/96 6/27/96 7/22/96

S a m p l i n g Event
3/13/97 5/29/97

F i g u r e 5b
F r e n c h G u l c h Oxygen I s o t o p e T r e n d s ( d e t a i l )

-17
— X — M W - 1 4
— X — M W - 9
— £ s — M W - 1 6
—O— MW-3
— O — # 3 R e l i e f

• #3 M i n e
— » — F C 6 C s p r i n g

KennyDog Spr.
—•— Roaster F i n e s S
— H - F C r e e k @ C B
— « - F G 7 , L o w e r F C
— — — F G S D e a d H k P d

-21
3 / 2 0 / 9 6 6 / 1 0 / 9 6 6 / 2 7 / 9 6 7 / 2 2 / 9 6

S a m p l i n g Event
3 / 1 3 / 9 7 5 / 2 9 / 9 7

1 0 / 2 4 / 9 7 12



I s o t o p e S o l u t i o n s

F i g u r e 5c

-16 -i
-17 -
-18 -

O _1Q .Z l3

00
« -20-
sl

To -22 -
-23 -
-24 -

1

-17

I -17-512i£ -uTo

Oxygen I s o t o p e Data, Phase 3 S a m p l e s

i
g^ 3ff *̂»*:̂ ^Sa: A

1iI
Y

1

L

2 3 4 5 6
S a m p l i n g Event

Oxygen I s o t o p e Data, Phase 3 S a m p l e s ( D e t a i l )
•

-

$ -

-18.5 > -

U — — — — — — — — 8

1
* T ' S — . 5

\̂̂ ?̂*̂ ^ — ^̂ J1.̂ v\̂
— — — — — — — — — — ! — — — — — — — — — — | — — — — — — — — — — i — — — — — — — — — — | — — — — — — — — _ ^ t

1

— • — M W - 2

— *— FG-9
-S— FG-1 5 pool
-H53r-MW-11
— • — M W - 1 2
— H— MW13
——— 1 1 21 seep
— 4 — F G - 6 D s e e p
—A — TS-4 creek
— m— Rain at FG-9
— • — Oro s h a f t
—X— WRO-1 well
— O — M i n e seep
— I — WTL-02
— * — Rain at FG-9

A Snow@F6-1

F i g u r e 5d

— • — M W - 2
— «— FG-1

1 — A — F G - 9
— S— FG-1 5 pool

1 — G h - M W - 1 1
' —•— MW-12

— H— MW13
— — — 1121 seep

; — * — FG-6D seep
i — A — T S - 4 creek

— W— Rain at FG-9
— • — Oro s h a f t

1 2 3 4 5 6
S a m p l i n g Event

—X— WRO-1 well
— O — Mine seep
— e— WTL-02

1 0 / 2 4 / 9 7 13



I s o t o p e S o l u t i o n s

The only water sample that shows a large oxygen i so topic sh i f t f rom the Baseline value is thatf rom Kenny Dog S p r i n g s , which had a 8 I 8 O value indicating considerable contamination withlocal snowmelt during the Baseline s a m p l i n g (see above). In all subsequent s a m p l i n g s , however,Kenny Dog S p r i n g yielded water that was i s o t o p i c a l l y similar to the lowest- O groundwater,spr ing, and stream samples. Thus , the post-baseline sample s f r om Kenny Dog S p r i n g s were notparticularly contaminated with local snowmelt.
The most striking aspect of the data shown on Figure s 5a and 5b is the nearly unchanging stablei so topic composition of all French Gulch sample s over time, d e sp i t e the fac t that the sample s werecollected at d i f f e r e n t times before and during two successive snowmelt events, and at times ofhighly contrasting water table elevations and surface water f l o w rates. Figure s 5c and 5d show thatthe stable i so tope uni formity is also seen in the new Phase 3 sample s f rom French Gulchmonitoring wel l s , seeps and Creek sample s , which all have 818O values o f-17.5 to -18.5 %o.
Evidence for Minor Contribut ions of S n o w m e l t to French Creek and Local A q u i f e r s
The near uni formity of the stable i so topic composi t ions of Creek, we l l , and spring sample sthrough the S p r i n g s of 1996 and 1997 prohibits the direct addition of large amounts of snowmeltinto French Creek within or upgradient from the s tudy area. Substant ial amounts of snowmelt* ftentering the Creek must f i r s t be mixed with very large amounts of higher- O water to produce the
isotopic compositions measured in the Creek. T h i s impl i e s that the travel time for much of thewater entering the Creek is long enough to allow considerable mixing with inf i l t ra t ed rain waterand groundwater. T h i s , of course, allows considerable time for chemical interactions between theshallow groundwaters and mineralized rocks of the area.
Figure 6 shows the maximum amount of local snowmelt (818O = -27.2 %o, the measured value forsnow a t M W - 9 in 1996) that could have mixed with local "end member" groundwater with a 818Oo f-17 .4 %o (the highest measured value for a French Gulch groundwater or spring sample in1996). Apart f r om the Baseline sample f r om Kenny Dog S p r i n g s , groundwaters, spring waters,and French Creek waters could have a maximum of -15% snowmelt at the height of the snowmeltevent. It is, however, probable that snowmelt contributes an even smaller percentage of the totalwater f l o w i n g in French Creek, given that the stable isotopic compositions of French Creeksample s changed so l i t t l e during the f ir s t f our sampl ing events. Indeed , the very small changes inthe oxygen i sotopic composi t ions of French Creek samples from l ow- f l ow through h igh- f l owconditions (Figure s 5a and 5b) indicates that the proport ion of snowmelt in the Creek during highf l o w conditions could only have been a few percent in 1996; that is, near the limit of resolution ofthe rather sensitive stable isotopic methods used in this investigation. S i g n i f i c a n t addi t ions ofundiluted snowmelt are indicated only for those sampling sites showing a lowering of 818O valuesat times of high groundwater level and high creek f l o w (Figure s 5a to 5d).
The changes in water levels and oxygen i so tope compos i t i ons in the samples collected in Marchand May, 1997 are more d i f f i c u l t to evaluate because a s igni f i cant rainfal l event occurred in thes tudy area soon af t er the March sampl ing. Neverthe le s s , Figure 6b shows systematic downward18O s h i f t s of -0.7 %o for French Creek j u s t above the 11-10 f a u l t at Country Boy Mine and 1.5
miles above the Oro Mine at site F G - 1 . Thi s impl i e s that the upper reaches of the Creek containapproximate ly 10% snowmelt, assuming 818O values of -17.4 %o for groundwater and -27.2 %ofor snowmelt. The three French Creek sampl ing sites below the Oro Mine area show s i g n i f i c a n t l yhigher 8 I 8 O values, i m p l y i n g that, in a d d i t i o n to mine waters observed to contaminate French
Creek, large amounts ofhigher-180 groundwater must enter the Creek between the 11-10 and
Bullhide faults. T h i s groundwater may carry much of the metals load to the Creek.
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It bears repeating that water f l o w i n g in French Creek during the 1996 and 1997 f l o w crests hadoxygen (and hydrogen) isotopic compos i t ions comparable to those of local groundwaters andsprings. These groundwaters may contain a small component of snowmelt, but any mixingbetween snowmelt and preexisting groundwaters apparent ly occurred somewhere u p s l o p e of theFrench Gulch mining area. This snowmelt must have mixed with very large volumes of higher-18O groundwaters composed largely of older groundwater and summer precipitation. In general,
the rising f l o w of French Creek during the S p r i n g must be most ly a consequence of vigorousspring activity, rather than r u n o f f of f r e s h ly melted snow.

S t a b l e I s o t o p i c G r o u p i n g s
Despite the general uniformity in the stable isotopic compositions of French Gulch water samplesin 1996, small but consistent d i f f e r e n c e s in the 618O values shown on Figures 5a and 5b allowedus to tentatively categorize the sample s into three groups, as f o l l o w s :
1. An 180-rich group that consi s tently had 61 8O values between -17.4 and -18.2 %0 in 1996. Thi sgroup included:

• monitoring well MW-9 (uncontaminated, alluvial aquifer)
• Roaster Fine s site (highly contaminated. This water exhibited a s l i g h t l y lower 818O valuein the most recent 1997 sampling (-18.4 %o), perhaps indicating the addit ion of a smallamount of lower-18O water prior to that sampling.
• French Creek sites (Country Boy Mine, Dead Elk Pond, and Lower French Creek). N o t ethat the final 1997 sample f rom French Creek at Country Boy Mine sh i f t ed to aconsiderably lower 818O value (-18.4 %o) f rom earlier values of -17.7 to -18.4, interpretedto r e f l e c t local snowmelt entry above die 11-10 fau l t in 1997. T h i s indicates that theCountry Boy Mine site should probably be c l a s s i f i e d with the Group 3 sample s , below.

2. An 1 8O-depleted group that consi s tently had 818O values between -18.5 and -19.0 %o in 1996.This group included:
• monitoring well M W - 1 6 (contaminated, shale aquifer at mine site). Thi s site yielded as l i g h t l y higher values o f-18.3 %c in the most recent sampling.
• Kenny Dog S p r i n g s (post-Baseline samples). This site yielded a s l i g h t l y higher values of-18.3 %o in the most recent sampling.
• the contaminated #3 Relief well and #3 Mine site. In the 1997 s a m p l i n g s , the Relief W e l land mine water samples continued to yield values of -18.5 %o.
A l t h o u g h a change of only 0.2 %o is barely observable, these s h i f t s may indicate the addi t ion ofrelatively high-18O rain water in the MW-16 and Kenny Dog S p r i n g s samples . N o t e that thestable i so topic data for the Baseline Kenny Dog S p r i n g s sample shows that this spring issusceptible to contamination by surface waters.

3. T h i s group of water samples exhibited s h i f t i n g oxygen i sotope composi t ion with time. T h i sgroup included:
• monitoring wells M W - 1 4 , uncontaminated shale aquifer
• MW-3 (contaminated alluvial aquifer)
• French Gulch 6C spring.
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In the 1997 s a m p l i n g s , all of the Category 3 sample s continued to s h i f t , rebounding somewhattowards the values measured in the Baseline study. T h i s s ugge s t s that the waters sampled atthese sites are mixtures of i s o t o p i c a l l y di s t inct waters, and that local permeabil i ty is highenough to allow d i f f e r e n t water mixtures to be sampled at d i f f e r e n t times of the year. Thes table i so topic s h i f t s at these sampl ing sites may indicate rapid water transport between thesurface and the sampled portions of monitoring we l l s MW-3 and MW-14 (see below).
A l t h o u g h the above groupings are based on rather small d i f f e r e n c e s in oxygen i so topecomposi t ion, the i sotopic trends serve to constrain conceptual model s for the overall water balancein French Gulch and for processes controlling metals contamination in local waters. It is clear, forexample, that a model involving the s imple mixing of large amounts of two, i s o t o p i c a l l y distinctwaters is too s imple to explain the data. Because d i f f e r e n t s a m p l i n g areas show contrastingisotopic and hydrologic properties, it is necessary to examine water levels, metals loading, andstable i so tope relations in individual we l l s and springs to learn more about the mechanisms ofmetal contamination.

Oxygen I s o t o p e C o m p o s i t i o n s of New Phase 3 S a m p l e s
The O-isotopic compos i t ions of waters f i r s t sampled in 1997 (Phase 3) are shown on F i g u r e s 5cand 5d (detai l). The overall range in 51 8O values for Phase 3 groundwater, spr ing s , and Creeksamples (-17.3 to -18.5 %o) is similar to the overall range exhibited by Baseline and Phase 2samples (-17.4 to -18.9 %o, with the exception of the Baseline sample f r om Kenny Dog S p r i n g s ) .Based on the oxygen isotope composi t ions of the March and May, 1997 analyses, these newsample s are assigned to the oxygen isotopic categories, as f o l l o w s :
1. W i t h the exception of one groundwater sample , all Phase III waters would be c l a s s i f i e d inCategory 1, an 18O-rich group that consistently had 818O values between -17.4 and -18.2 %o in1996. T h i s group is rede f ined to an 18O-rich limit of -17.3 %o, to accommodate the sampl e sf r o m M W - 1 3 .
2. One sample ( M W - 2 ) yielded 818O values of -18.2 and -18.5 %o in the 1997 s a m p l i n g s ,indicating a po s s i b l e a f f i l i a t i o n with Category 3 sampl e s , i.e., sites that exhibit s h i f t i n g stablei sotopic compositions.
In general, the conclusions based on the Phase 1 and Phase 2 s a m p l i n g are corroborated by theresults of the Phase 3 investigation.

Evidence for Increased S u r f a c e Water Metal Loading during the Snowme l t Events
Figure 7a shows Cd concentrations for French Gulch sample s for the six s a m p l i n g events. N o t ethat the Roaster Fines sample is not plot ted because it has a very high Cd concentration that is offscale compared to the other analyzed samples. S a m p l e s f rom four contaminated sites showsl igh t ly ( M W - 1 6 ) to s trongly ( M W - 3 , F C 6 C S p r i n g , and #3 Relief Wel l and Mine) rising Cdconcentrations during the time of rising water levels and rising f l o w in French Creek in the S p r i n gof 1996, and f a l l i n g Cd concentrations as the watershed began to return to lower f l o w conditions inthe Summer of 1996. Two of these sites show a d i f f e r e n t behavior in the S p r i n g of 1997; both theMW-16 well and the F G 6 C spring show reduced Cd concentrations during the time of risingwater level. All other sampl ed sites either exhibit f a l l i n g Cd concentrations (Kenny Dog S p r i n g )or cons i s t ent ly low Cd concentrations.
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Figure s 7b and 7c show Fe and Zn concentrations, re spec t ive ly, for French Gulch sample s for thesix sampl ing s . Again, the Roaster Fine s samples are not p lo t t ed because they have much higherFe and Zn concentrations than the other sample s . It is clear that the same four sites (and, of course,the Roaster F i n e s site) show the highest concentrations of Cd, Fe and Zn. In addi t ion, there is aposi t ive correspondence with high water levels in French Gulch monitoring we l l s (compare withF i g u r e s 4a and 4b) for both Cadmium and Zinc. Iron, however, shows similar or risingconcentrations throughout the course of the investigation for some sampl ing sites, i m p l y i n g that Feloading in French Gulch groundwater and in French Creek is not f u l l y coupled with Cadmium andZinc loading. Indeed , Figure s 7a and 7b show that Fe in the 6C spring is rising while Cd is f a l l i n gin the S p r i n g of 1997, another indication of d e coup l ing between Fe loading and C d / Z ncontamination.
Evidence A g a i n s t S u r f a c e W a t e r I n f i l t r a t i o n in Three French Gulch M o n i t o r i n g W e l l s
Figure 8a shows the relative changes in oxygen isotope composition of the f i v e monitoring wellsin French Gulch that were sampled throughout all Phases of the investigation. Three of these we l l s( M W - 9 , M W - 1 6 , and #3 R e l i e f ) exhibit either l i t t l e change in oxygen i so topic signature, or as l i gh t ly more I8O-rich comoposition as the 1996 snowmelt progressed. Thi s is incontrovertibleevidence that the water level changes in these three wel l s in 1996 did not occur due to verticali n f i l t r a t i o n or lateral migration of surface waters derived from melting low-18O snow. The waterlevel rises in these wel l s are probably a response to increased lateral recharge from in f i l t ra t i onoccurring somewhere upgradient f rom the wells. These we l l s are appear to be large ly isolatedf rom the local surface in French Gulch, although two of them ( M W - 1 6 , and #3 R e l i e f ) arecontaminated with metals.
Figure 8b shows the relative changes in oxygen i so tope compos i t i on of the four monitoring we l l sin French Gulch that were sampled only in Phase 3 of this investigation. One of these we l l s( M W - 1 3 ) is contaminated with metals, but shows no change in stable isotopic compositionbetween the March and late May, 1997 samplings . Again, this is an indication that the metalscontamination does not arise f r om addi t ions of metal-laden low-18O snowmelt. The remainingthree Phase 3 wells ( M W - 2 , M W - 1 1 , and M W - 1 2 ) show slight downward s h i f t s in 6 1 8O,consistent with very minor addi t ions of low-18O snowmelt during the S p r i n g of 1997. Of thesethree we l l s only MW-2 is contaminated and this well shows the smalle s t sh i f t in O-isotope ratio,again suggesting that low-18O snow is not involved as a contaminating agent.
Evidence S u p p o r t i n g S u r f a c e Water I n f i l t r a t i o n i n T w o French Gulch M o n i t o r i n g W e l l s
Figure 8a also shows that two wells (MW-3 and MW-14) exhibit lower 818O values a f t er each ofthe snowmelt events. It is apparent, therefore, that rising water levels in these two wel l s werecaused, at least in part, by local in f i l t ra t i on of low-18O snowmelt f rom the surface. N o t e that MW-3 is a contaminated alluvial well and the alluvial aquifer in this area may be in hydrologiccommunication with the surface. In the same sense, MW-14 is an uncontaminated well dri l l edalong a f a u l t which may provide a rapid transport pathway between the surface and the shaleaquifer at that site.
Because these two wel l s exhibit lower 818O values during high water level condit ions, it is p o s s i b l eto model the processes responsible for water level rise and aquifer contamination at these two sites.Figure s 9a and 9b show the relative changes in oxygen i so tope composit ion and water level formonitoring we l l s MW-14 and MW-3, respectively. In the f i r s t 60 days a f t er the Baselines a m p l i n g , both we l l s showed rises in water level as well as negative s h i f t s in 818O value. In theensuing 17 days, water levels began to decline while 818O values continued their downward s h i f t s .
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In the f inal 25 days of Phase 2, between the third and four th s a m p l i n g s , water level s continued todecline while 818O values remained stable or reversed to s l i g h t l y higher 8 I 8 O compos i t ions . Thepatterns d i s p l a y e d on F i g u r e s 9a and 9b are remarkably similar and suggest the f o l l o w i n g :
• During the initial 60 days, the rising water levels could be the result of a combination of higherrates of lateral recharge and in f i l t ra t i on of small amounts of low-I 8O snowmelt f r om thesurface.
• During the ensuing 17 days, recharge from low-18O surface waters ( s n o w m e l t ) continued,while lateral recharge declined.
• During the f inal 25 days, both surface and groundwater recharge continued to decline.
N o t e that the f i r s t part of the pattern is repeated in 1997 for each of these we l l s , although the O-i sotopic composi t ions of the waters changed f rom mid-winter in 1996 to mid-winter in 1997,another indication of the open system behavior of these two wells.
Evidence S u p p o r t i n g S u r f a c e Water Involvement in M e t a l s Contaminat ion at MW-14
Figure lOa shows that Zinc concentrations in monitoring well MW-14 rose f rom their Baselinevalues through the f i r s t 62 days since the Baseline sampl ing , while water levels were rising andlow-180 snowmelt was being added to the aquifer by i n f i l t r a t i o n f r om above. In the ensuing 17days, however, Zinc concentrations continued to rise while the water level was f a l l i n g . N o t e thatthe 518O value was continuing to f a l l , sugges t ing that contaminated snowmelt or another relat ivelylow-18O source may be responsible for the Zinc contamination in this well.
Evidence against S u r f a c e Water Invo lvement in M e t a l s Contaminat ion at MW-3
In contrast to MW-14, Figure lOb shows a strong correlation between water level and Zincconcentration in monitoring well MW-3. In this case, Zinc concentrations began to fall betweendays 62 and 79, d e sp i t e the continued decreases in the 818O value of the water. T h i s sugges t s thatthe Zinc contamination originates predominantly through subsurface interactions betweengroundwater and su l f ide-r i ch rocks at mis site, d e sp i t e the prox imi ty to mill ta i l ings at the surface.
S t a b l e I s o t o p i c C o m p o s i t i o n s of Mine Waters in French GulchThroughout this report, we have emphasized that most of the contaminated waters in French Gulchhave stable i so topic composi t ions similar to local groundwater. Only two monitoring wel l s (MW-3 and M W - 1 4 ) show consistent stable i sotopic evidence of surface water in f i l t ra t i on . Kenny DogS p r i n g s also snowed evidence of considerable snowmelt contamination in the Baseline sampling,but has since been i s o t o p i c a l l y similar to local groundwater. Figure 11 shows the oxygen andhydrogen i so topic composi t ions of mine waters collected at a variety of d e p t h s ranging from 1345to 1610 feet . Some of the data points lie to the right and below the Global Meteoric Water Line(MWL), sugge s t ing a history of some evaporation. The stable i so topic composi t ions of the minewaters are similar to those of local groundwaters, such that mine waters could be implicated in thecontamination found in French Creek. Figure 11 shows that the two deepest samples (1530 and1610 ft) are somewhat richer in 18O and D than shallower sample s , indicating that the mine watersoriginated at d i f f e r e n t times and that they are not well mixed over short time spans. If this is thecase, then it may be po s s i b l e to isolate portions of the mine that are in current communication withthe Creek, leaving already isolated regions of the mine alone. T h i s would , of course, greatlyreduce the overall costs of remediating the contamination prob l ems in the area.
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Change in 8180 since Baseline (%o)

F i g u r e 9b

1 0 / 2 4 / 9 7 22



I s o t o p e S o l u t i o n s

Relat ive C h a n g e s vs Basel ine: MW-14

Days since Basel ine S a m p l i n g

F i g u r e 10a

—m-Zn ( m g / l )
— • — W a t e r Level ( f t )
— A — d l 8 0 ( % > x 5 )
— X — C d ( m g / l x T O O )
— + — F e ( m g / l )

-0.5

Relat ive C h a n g e s vs Baseline: MW-3 F i g u r e 1 Ob

— * - Z n (mg/l x .02)
— • — W a t e r Level ( f t )
— * - d 1 8 0 ( % o x 5 )
— X — C d v s B l x l O
— + — F e v s B L / 1 0 0

Days since Baseline

1 0 / 2 4 / 9 7 23



I s o t o p e S o l u t i o n s
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A p p e n d i x 1

Time Series Plots for French Gulch S a m p l e s



I s o t o p e S o l u t i o n s

M e t a l s and Conductivity Trends: MW-3 F i g u r e A 1 - 1 a

-Conduct iv i ty
( m i c r o S / c m x0.01)

-Cd ( m i c r o g / 1 )

- F e ( m g / l )

- Z n ( m g / l )
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F i g u r e A 1 - 1 b
Geophys i ca l and pH Trends: MW-3

-Depth to Water
( f t )
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X pH

0 50 100 150 200 250 300
Days since Baseline

350 400 450
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-19

Oxygen I s o t o p e Trends: MW-3 F i g u r e A1 -1 c
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I s o t o p e S o l u t i o n s
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I s o t o p e S o l u t i o n s

M e t a l s and C o n d u c t i v i t y T r e n d s : M W - 1 4 F i g u r e A1-3a

- C o n d u c t i v i t y
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0.01)- C d ( m i c r o g / l )
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I s o t o p e S o l u t i o n s

M e t a l s and Conduc t iv i ty Trend s: MW-16 F i g u r e A1-4a
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I s o t o p e S o l u t i o n s
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Metal s and Conductivity Trends: #3 Relie f Well
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I s o t o p e S o l u t i o n s

F i g u r e A1 -6a
M e t a l s and C o n d u c t i v i t y T r e n d s : S p r i n g 6C
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I s o t o p e Solu t i on s

M e t a l s and Conduc t iv i ty T r e n d s : Roaster F i n e s #3 F i g u r e A1 -7a
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i so tope S o l u t i o n s
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I s o t o p e S o l u t i o n s

Metal s and Conduct ivi ty Trends:
F r e n c h Creek at Country Boy Mine

Rgure A1-9a
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I s o t o p e S o l u t i o n s
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I s o t o p e S o l u t i o n s
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M e t a l s and Conduc t iv i ty Trends:F r e n c h Creek at Dead Elk Pond
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I s o t o p e S o l u t i o n s
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A p p e n d i x 2

Data Reports for S t a b l e I s o t o p e Analyse s



I s o t o p e S o l u t i o n s

S t a b l e I s o t o p e A n a l y s i s Resu l t s

A n a l y t i c a l Report f o r R A S
October 10, 1996

S a m p l e
F G 0 0 1
F G 0 0 2
F G 0 0 3
F G 0 0 4
F G 0 0 5
F G 0 0 6
FG007
F G 0 0 8
F G 0 0 9
F G 0 0 1 0
F G 0 0 1 1

__ F G 0 0 1 2
F G 0 0 1 3
F G 0 0 1 4
F G 0 0 1 5
F G 0 0 1 6
F G 0 0 1 7
F G 0 0 1 8
F G 0 0 1 9
F G 0 0 2 0
F G 0 0 2 1
F G 0 0 2 2
F G 0 0 2 3

5 D
-132
-131
-141
-136
-141
-141
-159
-133
-132
-206
-132
-136
-134
-136
-130
-143
-143
-144
-144
-143
-137
-136
-137

5 1 8 0
-17.7
-18.0
-18.9
-18.2
-18.8
-18.7
-21.0
-17.4
-18.0
-27.2
-18.1
-18.0
-18.1
-18.1
-17.8
-18.4
-18.5
-18.6
-18.6
-18.5
-18.1
-18.0
-18.0

S a m p l e
F G 0 0 2 4
F G 0 0 2 5
F G 0 0 2 6
F G 0 0 2 7
F G 0 0 2 8
F G 0 0 2 9
F G 0 0 3 0
F G 0 0 3 1
F G 0 0 3 2
F G 0 0 3 3
F G 0 0 3 4
F G 0 0 3 5
F G 0 0 3 6
F G 0 0 3 7
FG0038
F G 0 0 3 9
F G 0 0 4 0
F G 0 0 4 1
F G 0 0 4 2
F G 0 0 4 3
F G 0 0 4 4
F G 0 0 4 5

S D
-142
-137
-145
-14.4
-139
-141
-146
-127
-139
-127
-127
-135
-122
-131
-135
-135

N A
-142
-126
-136
-127
-125

6 1 8 0
-18.8
-17.8
-18.8
-18.8
-18.6
-18.7 ,
-18.7
-17.8
-18.6
-18.2
-18.1
-18.6
-17.4
-18.4
-18.6
-18.7
-17.8
-18.7
-17.8
-18.0
-17.8
-17.9

•

D u p l i c a t e A n a l y s e s
Hydrogen Iso t ope s

S a m p l e
F G 0 0 0 2
F G 0 0 0 8
F G 0 0 0 9
F G 0 0 1 1

D u p l i c a t e 1 D u p l i c a t e 2 SD
-17.9
-17.4

-18
-18.1

Reviewed

-18.1 0.01
-17.4 0.04

-18 0.02
-18.1 0.01

M e a n S D : 0.02

by: X

S a m p l e
F G 0 0 0 1
F G 0 0 0 2
F G 0 0 2 2
F G 0 0 2 4

^&

Oxygen I s o t o p e s
D u p l i c a t e 1

-129
-130
-134
-157

rJ*^S.

D u p l i c a t e 2 SO
-135 3
-132 1
-138 2
-157 0

Mean SD: 1 .6

L e t i c i a B. M e n c f t a c a

- T 7 2 6 Delaware Si., Berkeley CA 94702. Tel: (510) 527-7237



Isotope Solutions
hotopic Environmental Consultants
1126 Delaware St.
Berkeley CA 94702
Tel (510) 527-7237
Fax (510) 528-9421
Email: menchaca@mindspring.com

I S - 1 0 0 7 R A S 3
Proje c t N a m e : F r e n c h G u l c h
Projec t N o : S T A T E F G 9 7
Contact: W i l l i a m P e d l e r / A r t Morrisey
Company: RAS

( T e l . ( 3 0 3 ) 517-0509 F a x . 279-2730

A n a l y t i c a l Report
1 Wel l No.

F G 0 0 1 0 rep
F G 0 0 0 5 r e p

S a m p l e N u m b e r
F G 0 0 4 8
F G 0 0 4 9

Date
6 / 2 4 / 9 7
6 / 2 4 / 9 7

S t a n d a r d s
NH
N H - D U P
DL
DL-DUP
N I
N T - D U P

-

5180 (%o)
-26.7
-19.6

Measured

-11.6
-11.7

8180 Dup.

A c c e p t e d

-11.6
-11.6

SD (%»)
-207
-143

Measured
35
33

-215
-215

8) Dup.
-207
-145

A c c e p t e d
34
34

-214.7
-214.7

Reviewed by: Date:
Dr. L e t i c i a B. Mencnaca



I s o t o p e S o l u t i o n s

Isotope Solutions
Isotopic Environmental Consultants
1126 Delaware St.
Berkeley CA 94702
TeL (510) 527-7237
Fax (510)528-9421

I S - 1 0 0 7 R A S 3
Project Name: French G u l c h
Project N o : U D S 1 9 7
Contact: Wil l iam Pedler
Company: AGS
T e l . (303)988-1845

A n a l y t i c a l Report
W e l l N o .
F G 0 0 5 0
F G 0 0 5 1
F G 0 0 5 2
F G 0 0 5 3
F G 0 0 5 4

S a m p l e N u m b e r
3806-1
3806-2
3806-3
3806-4
3806-5

S t a n d a r d s
NH
N H - D U P
DL
DL-DUP
NI
N I - D U P

Date
1 / 2 1 / 9 7
1 / 2 1 / 9 7
1 / 2 1 / 9 7
1 / 2 1 / 9 7
1 / 2 1 / 9 7

8180 (%.)
-19.2
-19.4
-19.2
-19.0
-18.9

Measured

-11.7
-11.6

8180 Dup.

-18.8
Accepted

-11.6
-11.6

5 D ( % o )
-146
-146
-146
-143
-141

Measured
34
35

-214
-215

5D Dup.
-146
-147
-146
-143 '
-142

Accepted
34
34

-214.7
-214.7

Reviewed by:
Dr. Letic ia B. Menchaca

-p. Date:



Isotope Solutions
hotopic Environmental Consultants
1126 Delaware St.
Berkeley CA 94702
Tel (510) 527-7237
Fax (510) 528-9421
Email: menchaca@mindspring

I S - 1 0 0 7 R A S 3
P r o j e c t N a m e : F r e n c h G u l c h
P r o j e c t N o : S T A T E F G 9 7
C o n t a c t : W i l l i a m P e d l e r / A r t M o r r i s e y
C o m p a n y : RAS
T e l . ( 3 0 3 ) 517-0509 F a x . 279-2730

A n a l y t i c a l Report
W e l l N o .

M W - 1 4
MW-9

M S R W - 3
M W - 1 6

MW-2
M W - 3

M W - 1 1
M W - 1 3

FG-6C
' K D S

F C @ C B
FG-7
F G - 8

M W - 1 2
F G - 1

M W - 9 S N O W
F G - 1 S N O W

F G - 9
FG-1 5
1 1 2 1

F G - 6 DT S - 4
S B R F 3

S a m p l e N u m b e r
F G 0 0 5 5
F G 0 0 5 6
F G 0 0 5 7
F G 0 0 5 8
F G 0 0 5 9
F G 0 0 6 0
F G 0 0 6 1
F G 0 0 6 2
F G 0 0 6 3
F G 0 0 6 4
F G 0 0 6 5
F G 0 0 6 6
F G 0 0 6 7
F G 0 0 6 8
F G 0 0 6 9
F G 0 0 7 0
F G 0 0 7 1
F G 0 0 7 2
F G 0 0 7 3
F G 0 0 7 4
F G 0 0 7 5
F G 0 0 7 6
F G 0 0 7 7
F G 0 0 7 8

Date
3 / 1 2 / 9 7
3 / 1 2 / 9 7
3 / 1 2 / 9 7
3 / 1 2 / 9 7
3 / 1 2 / 9 7
3 / 1 2 / 9 7
3 / 1 2 / 9 7
3 / 1 2 / 9 7
3 / 1 2 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7
3 / 1 3 / 9 7

S t a n d a r d s
N H
N H - D U P
DL
DL-DUP
NI
N I - D U P

"̂0 (%o)
-18.2
-17.5
-18.5
-18.6
-18.2
-18.1
-18.2
-17.6
-17.3
-18.3
-18.7
-17.7
-17.8
-17.7
-18.0
-17.6
-23.6
-22.4
-17.7
-17.8
-18.0
-17.8
-17.8
-17.3

M e a s u r e d

-11.7
-11.6

61 8O Dup.

-18.1

-17.6

A c c e p t e d

-11.6
-11.6

5D (%o)
-140
-132
-143
-137
-141
-138
-141
-131
-136
-146
-149
-135
-137
-137
-140
-136
-186
-177
-138
-137
-140
-139
-137
-142

Measured
34
34

-214
-215

6D Dup.
-143
-132
-143
-136
-139
-138
-141
-131
-135
-146
-149
-136
-137
-137
- 1 3 9
-133
-187
-176
-138
-136
-145
-140
-137
-140

A c c e p t e d
34
34

-214.7
-214.7

Reviewed by:
Dr. L e t i c i a B. Mencr>4

Date:
ca



Isotope Solutions
hotopic Environmental Consultants
1126 Delaware St.
Berkeley CA 94702
Tel (510) 527-7237
Fax (510) S2S-9421
Email: menchaca@mlndsprinf.com

I S - 1 0 0 7 R A S 3
French Gulch

S T A T E F G 9 7
Project Name:
Project No:
Contact: W i l l i a m P e d l e r / A r t Morrisey
Company. RAS
T e l . ( 3 0 3 ) 5 1 7 - 0 5 0 9 F a x . 279-2730

A n a l y t i c a l Report
W e l l N o .

F G - 9
F G - 9 R A I N

F G - 7
F G - 8

1121
T S - 0 4
F G - 6 D
FC-6C

F C @ C B
F G - 1 5

F G - 1 S r e p
K D S

M W - 9 S N O W
F G - 1 S N O W

F G - 1
M W - 1 2
M W - 1 4

M W - 9
M W - 1 1

Oro
WRO-1

RF-3
M W - 1 6

#3 M i n e
Qal S e e p

M W - 1 3
W T L - 0 2

M W - 2
M W - 3

S a m p l e N u m b e r
F G 0 0 8 2
F G 0 0 8 3
F G 0 0 8 4
F G 0 0 8 5
F G 0 0 8 6
F G 0 0 8 7
F G 0 0 8 8
F G 0 0 8 9
F G 0 0 9 0
F G 0 0 9 1
F G 0 0 9 2
F G 0 0 9 3
F G 0 0 9 4
F G 0 0 9 5
F G 0 0 9 6
F G 0 0 9 7
F G 0 0 9 8
F G 0 0 9 9
F G 0 1 0 0
F G 0 1 0 1
F G 0 1 0 2
F G 0 1 0 3
F G 0 1 0 4
F G 0 1 0 5
F G 0 1 0 6
F G 0 1 0 7
F G 0 1 0 8
F G 0 1 0 9
F G 0 1 1 0

Date
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6/24/97
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6/24/97
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6/24/97
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6/24/97
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6 / 2 4 / 9 7
6/24/97
6 / 2 4 / 9 7
6 / 2 4 / 9 7

S t a n d a r d s
NH
NH-DUP
DL
DL-DUP
N I
N I - D U P

5180 (%.)
-17.8
-17.0
-17.9
-17.9
-18.0
-18.0
-17.8
-18.3
-18.4
-17.9
-17.9
-18.3
-21.6
-19.4
-18.3
-18.1
-18.3
-17.7
-18.0
-17.7
-17.7
-17.2
-18.3
-18.5
-17.5
-17.3
-17.5
-18.5
-18.3

Measured

-11.6
-11.7

8180 Dup.

*

-18.0

-17.5

-18.1
A c c e p t e d

-11.6
-11.6

»(«.)
-141
-139
-141
-141
-140
-141
-142
-148
-142
-141
-139
-148
-174
-155
-139
-149
-147
-139
-143
-139
-145
-139
-148
-147
-145
-137
-138
-145
-145

Measured
36
33

-214
-215

6D Dup.
-141
-140
-142
-140
-142
-140
-142
-150
-142
-141
-141
-145
-172
-154
-140
-149
-148
-139
-142
-141
-142
-140
-148
-147
-147
-140
-138
-145
-143

A c c e p t e d
34
34

-214.7
-214.7

Reviewed by:
Dr. Let i c ia B.

Date: 7/2S/<? 7



H y d r o L o g i cLaboratorie s , Inc.
C H A I N - O F - C U S T O D Y RECORD / of /

695 N. 7ih Avc. Purchase Order #
B r i g h t o n , Colorado 80601-1559 303-659-0497

. Phone f f .
Fax #

C l i e n t Company
C l i e n t C o n t a c t f f ^

Loca.ion 6 f /C //

S A M P L E I D E N T I T Y M a t r i xCode
P r o j e c t I

D a i e A f i m eS a m p l e d Type o fPreservative Total # o f
Containers

F& 005-0 6J KF G O O S V • K
U 1 -2 \- /^00

=̂6 o CJ K

M a t r i x Code: W = W a l e r L = L i q u i d S = S o i l O=Oil S L = S l u d g e Due T i m e
R c l i n q u i s h t d b y i t S i j O l t u l r )

R e l i n q u i s h e d b y : ( S i | n i l u r t ) /
Received by: ( S l j n i l u r e )
Received by: (Signilurt)

T e m p . ? C o n d i t i o n upon Rece ip t? Received for Ltbontory by:
W H I T E COPY - H Y D R O L O G I C L A B O R A T O R I E S , I N C . Y E L L O W COPY - C U S T O M E R



H y d r o L o g i cL a b o r a t o r i e s , I n c .
C H A I N - O F - C U S T O D Y RECORD Page. / of 2-

69J N 7 ( ( ) Av( Purchase Order #
B r i g h t o n , C o l o r a d o 80601-1559 303-659-0497

C l i e n t C o m p a n y
C l i e n t C o n i a e l

I ^ C - P h o n e * gC>3-5"/>-Q^O ^
Fax B

6 l > l C / / P r o j e c t N u m b e r -3 f o t e .P r o j e c t L o c a t i o n .
M a t r i x D a t e / T i m eS A M P L E I D E N T I T Y Code S a m p l e d

T y p e ofPreservat ive

Requested Parameters

T o t a l # ofC o n t a i n e r s

F G

30

F G

4

M a t r i x Code: W a W a t c r L=Liquid S = S o i l 0=Oil S L ^ S I u d g e Date T i m e
Relinqui shed by: ( S i t n i t u r r ) Received by: ( S i g n a t u r e )
R e l i n q u i s h e x l b y : ( S i g n a t u r e ) Received by: ( S i g n a t u r e )
T e m p . ? C o n d i t i o n upon R e c e i p t ? Received for Laboratory by:

W H I T E COPY - H Y D R O L O G I C L A B O R A T O R I E S , I N C . YELLOW COPY - C U S T O M E R



H y d r o L o g i c
L a b o r a t o r i e s , I n c .

C H A I N - O F - C U S T O D Y RECORD
695 N. 7ih Avc. P u r c h a s e Order It.

D r i g h i o n , C o l o r a d o 80601-1359 3 0 3 - 6 S 9 - W 9 7
&S J ^ J C phone 0 J703 ->*"/? -GS09VC l i c n l C o m p a n y

C l i e n t Conuc. / ? / t f
l - i o j c c i Locmion 6OC.C.tf

F a x f f

S A M P L E I D E N T I T Y M a t r i xCode
P r o j e c t N u m b e r

D a t e / T i m eS a m p l e d
f 6? O "*

T V p e o fPreservat ive

Page. _of. z.
Reques t ed Parameters

Total # ofC o n t a i n e r s
LO X

M a u i x Code: W = W a l e r U = L i q u i d S = S o i l 0=0il S L = S l u d g e A /} Dale T i m e
Received by: ( S l j n a u r e )

K c l i n i ^ u U h c d b y : ( S i g r u l u r t ) R e c c i v c J b y : ( S l j n m u r e )
T e n i j i . ? C o n d i l i o n upon R«eipl? Reeelvcd for Laboratory by:

\ V M I T f i C O P Y - H Y D R O I . n O I C I . A n n R A T O R I F S . I N P



H y d r o L o g i c
v J U f l i H P / L a b o r a t o r i e s , I n c . '

~l*"""r ' 69J N 7lh Avc • Purchase Order #
Brighton. Colorado 80501-1559 30S-659-OJ97 C 3o"3 \

C l i e n t C o m p a n y KA S ; - / — l ) C . •••'••phone ((.
C l i c n l Contact / W f " / ^ t M / ? / S c ; e V i Fax #,
P r o j e c t L o c a t i o n .

C H A I N - O F - C U S T O D Y RECORD Page. _ o f _

S A M P L E I D E N T I T Y O I t ;

Q t J X C / / Projec t N u m b e r
D a l e / T i m eS a m p l e d Preservat ive T o t a l t t o fC o n t a i n e r sX

"
RS000 11 / / / s ' I/ZI

" IZ.OO
^600 ' - 6 - 6 0

"
FGOOCf, <•••

o
n O$.

R. "/

Maui« Code: W = W a t e r L=Liqu id S = S o i l O=Oil S L = S l u d g e

W H I T E COPY - H Y D R O L O G I C L A B O R A T O R I E S , I N C . Y E L L O W COPY - C U S T O M E R

Date T i m e
R e l i n q g i t h c d b y : ( S i g n a t u r e )
R e l i n q u i s h e d by: ( S i ( i u t u r e )
Temp.? Condition upon Receipt?

Received by: (Siinilure) ̂ {^/^^^f^f^e^c <~fr
Received by: (Sif nature) >^y
Received For Ubontoiy by:

6-z</-?9- //— '



Chain of CustodyRecord Environmental
Services

/->M S C/Min Of Custody Nitnbtr56990
3 'Aut Tlliphofn Nmttt lAill Codtl/Fu MmMr' Paot of «>

C.t, suitCO

Sample I.O. No. and Description

P6O09-V
Date Time

Matrix Containers &Preservatives I

V

Q

Analysis (Attach list itmoms ace Is needed}

Special Inslrvclions.Conditions ol Race/

FGOOn C"n*-l I I

F& o 16 i c o / i o SHQFT
103

n~TT

/ 5 / o
01 J

II 15-10
F6 Oi/o C^^>~3

Sfmpt? 0 / j p o M /rr/i r—i i—i i—] n f—i i—i p^ (A fee may be assesst\C^Non-Haiard LJ Flammable LJ Skin Irritant LJ Poison B LJ Unknown LJ Return To Cffgnf LJ Disposal By Lab LJ Archive For Months longer than 3 months)
Turn Around Tfn» ttKjw** ' OC RtqiJnrwIt (Sp+clM

(A fee may be assosstKttt samples are retained

("I "nsy'

?. RKlMdBy

DISTRIBUTION: WHITE • Slays with the Sample; CANARY- Returned to Client with Report; PINK • Field Copy
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0))uanterra
EnvironmentalServices

A N A L Y T I C A L R E S U L T S
F O R

R . A . S . , I n c .
F R E N C H G U L C H W A T E R S H E A D S T U D Y

Q U A N T E R R A E N V I R O N M E N T A L S E R V I C E S
D E N V E R N O . 047974

A P R I L 4 , 1996

Reviewed by: S u s a n H . H c C o o l



(puanterra
EnvironmentalI n t r o d u c t i o n Scrviccs

T h i s report pr e s en t s t h e a n a l y t i c a l r e s u l t s a s w e l l a s s u p p o r t i n g i n f o r m a t i o n
to aid in the e v a l u a t i o n and i n t e r p r e t a t i o n of the da ta and is arranged in the
f o l l o w i n g order:

o S a m p l e D e s c r i p t i o n I n f o r m a t i o n
o A n a l y t i c a l T e s t Reque s t s
o A n a l y t i c a l R e s u l t s

All analyse s at Quanterra are p e r f o r m e d so that the maximum concen tra t i on of
s a m p l e c on s i s t en t w i t h the method i s a n a l y z e d . D i l u t i o n s are at t ime s
required to avoid s a t u r a t i o n of the d e t e c t o r , to achieve l i n e a r i t y for a
s p e c i f i c targe t c o m p o u n d , o r t o reduce m a t r i x i n t e r f e r e n c e s . I n t h i s ev en t ,
r e p o r t i n g l i m i t s a r e a d j u s t e d p r o p o r t i o n a t e l y .
S a m p l e s 047974-0004 t h r o u g h -0006 were a n a l y z e d a t d i l u t i o n s for me thod 6010
due t o t h e e l eva t ed c onc en ta t i on o f zinc in th e s a m p l e s . The r e p o r t i n g l i m i t s
were raised r e l a t i v e to the d i l u t i o n s required.
S a m p l e 047974-0008 was ana lyz ed at a d i l u t i o n for method 6010 due to the
e l e v a t e d c o n c e n t a t i o n s o f z inc a n d iron i n t h e s a m p l e . T h e r e p o r t i n g l i m i t s
were r a i s e d r e l a t i v e t o t h e d i l u t i o n r e q u i r e d .
S a m p l e D e s c r i p t i o n I n f o r m a t i o n
T h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n l i s t s a l l o f t h e s a m p l e s received i n t h i s
p r o j e c t t o g e t h e r w i th t h e in t ernal l a b o r a t o r y i d e n t i f i c a t i o n number a s s i g n e d
for each s a m p l e . Each p r o j e c t received at Q u a n t e r r a ' s Denver l a b o r a t o r y i s
a s s i g n e d a u n i q u e s i x d i g i t number. S a m p l e s w i t h i n t h e p r o j e c t a r e numbered
s e q u e n t i a l l y . T h e l a b o r a t o r y i d e n t i f i c a t i o n number i s a c o m b i n a t i o n o f t h e
s i x d i g i t p r o j e c t code a n d t h e s a m p l e sequence number.
A l s o g i v e n i n t h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n i s t h e S a m p l e T y p e ( m a t r i x ) ,
Date o f S a m p l i n g ( i f known) and Date o f R e c e i p t a t th e l a b o r a t o r y .
A n a l y t i c a l T e s t Requests
T h e A n a l y t i c a l T e s t R e q u e s t s l i s t s t h e a n a l y s e s tha t were p e r f o r m e d o n each
s a m p l e . T h e C u s t o m T e s t c o l u m n i n d i c a t e s where t e s t s have been m o d i f i e d t o
c o n f o r m t o t h e s p e c i f i c r e q u i r e m e n t s o f t h i s p r o j e c t .



€j§uanterra
Environmental
Services

S A M P L E D E S C R I P T I O N I N F O R M A T I O Nf o rR . A . S . I n c .

L a b I D
047974-0001-SA047974-0002-SA047974-0003-SA047974-0004-SA047974-0005-SA0 4 7 9 7 4 - 0 0 0 6 - S A047974-0007-SA047974-0008-SA047974-0009-SA0 4 7 9 7 4 - 0 0 1 0 - S A

C l i e n t I D
F G 0 0 0 1F G 0 0 0 2F G 0 0 0 3F G 0 0 0 4F G 0 0 0 5F G 0 0 0 6F G 0 0 0 7F G 0 0 0 8F G 0 0 0 9F G 0 0 1 1

M a t r i x
A Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U S

S a m p l e dD a t e T i m e
20 MAR 9620 MAR 9620 MAR 9620 MAR 9620 MAR 9620 MAR 9620 MAR 96?p MAR 9620 MAR 9620 MAR 96

R e c e i v e dDate
21212121212121212121

MAR 96MAR 96MAR 96MAR 96MAR 96MAR 96MAR 96MAR 96MAR 96MAR 96



OPuanterra
Environmental
Services

A N A L Y T I C A L T E S T R E Q U E S T SforC o l o r a d o D i v i s i o n o f M i n e r a l s & G e o l o g y

L a b I D : G r o u p C u s t o m047974 Code A n a l y s i s D e s c r i p t i o n T e s t ?

0001 - 0010 A ICP M e t a l s (Total) YP r e p - T o t a l M e t a l s , I C P N



[Quanterra
EnvironmentalServices

A n a l y t i c a l R e s u l t s
T h e a n a l y t i c a l r e s u l t s f o r t h i s p r o j e c t a r e pr e s en t ed i n t h e f o l l o w i n g d a t a
t a b l e s . Each d a t a t a b l e i n c l u d e s s a m p l e i d e n t i f i c a t i o n i n f o r m a t i o n , a n d when
a v a i l a b l e a n d a p p r o p r i a t e , d a t e s s a m p l e d , r e c e i v e d , a u t h o r i z e d , p r e p a r e d a n d
a n a l y z e d . The a u t h o r i z a t i o n d a t a i s the da t e when the p r o j e c t was d e f i n e d by
t h e c l i e n t s u c h . t h a t l a b o r a t o r y work c o u l d b e g i n .
Data sheet s c on ta in a l i s t i n g of the parameter s measured in each t e s t , the
a n a l y t i c a l r e s u l t s a n d t h e Q u a n t e r r a r e p o r t i n g l i m i t . R e p o r t i n g l i m i t s a r e
a d j u s t e d t o r e f l e c t d i l u t i o n o f t h e s a m p l e , when a p p r o p r i a t e .
T h e r e s u l t s f r o m t h e S t a n d a r d Q u a n t e r r a Q A / Q C , P r o g r a m , w h i c h g e n e r a t e s d a t a
w h i c h a r e i n d e p e n d e n t o f m a t r i x e f f e c t s , a r e p r o v i d e d s u b s e q u e n t l y .



(wuanterra
Environmental

Services

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 0 1L a b I D : 047974-0001-SAM a t r i x : AQUEOUS S a m p l e d : 20 MAR 96 R e c e i v e d : 21 MAR 96A u t h o r i z e d : 22 MAR 96 P r e p a r e d : See Below A n a l y z e d : See Below
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.013 m g / L 0.0050 6010 26 MAR 96 01 APR 96I r o n 1.7 m g / L 0.10 6010 26 MAR 96 01 APR 96Z i n c 0.39 m g / L 0.020 6010 26 MAR 96 01 APR 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
Repor t ed By: Kaye Ryman A p p r o v e d By: K r i s t i n a S a n c h e z



Environmental
Services

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 0 2L a b I D : 047974-0002-SAM a t r i x : AQUEOUS S a m p l e d : 20 MAR 96 Rece ived: 21 MAR 96A u t h o r i z e d : 2 2 M A R 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e Below
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m ND m g / L 0.0050 6010 26 MAR 96 01 APR 96I r o n 0.51 m g / L 0.10 6010 26 MAR 96 01 APR 96Z i n c 0.092 m g / L 0.020 6010 26 MAR 96 01 APR 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : K a y e Ryman A p p r o v e d B y : K r i s t i n a S a n c h e z



(wuanterra
Environmental

Services

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 0 3L a b I D : 047974-0003-SAM a t r i x : AQUEOUS S a m p l e d : 20 MAR 96 R e c e i v e d : 21 MAR 96A u t h o r i z e d : 22 MAR 96 P r e p a r e d : See B e l o w A n a l y z e d : See B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParamet er R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.046 m g / L 0.0050 6010 26 MAR 96 01 APR 96I r o n 99.3 m g / L 0.10 6010 26 MAR 96 01 APR 96Z i n c 96.8 m g / L 0.020 6010 26 MAR 96 01 APR 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
Repor t ed By: Kaye Ryman A p p r o v e d By: K r i s t i n a S a n c h e z



[ft/uanterra
Environmental

ServicesM e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 0 4L a b I D : 047974-0004-SAM a t r i x : AQUEOUS S a m p l e d : 20 MAR 96 Rece iv ed: 21 MAR 96A u t h o r i z e d : 2 2 M A R 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParamet er R e s u l t U n i t s L i m i t M e t h o d Date Dat e

C a d m i u m 0.12 m g / L 0.010 6010 26 MAR 96 03 APR 96I r o n 211 m g / L 0.20 6010 26 MAR 96 03 APR 96Z i n c 167 m g / L 0.040 6010 26 MAR 96 03 APR 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : K a y e Ryman A p p r o v e d B y : K r i s t i n a S a n c h e z
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T o t a l M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 0 5L a b I D : 047974-0005-SAM a t r i x : AQUEOUS S a m p l e d : 20 MAR 96 R e c e i v e d : 21 MAR 96A u t h o r i z e d : 2 2 M A R 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w

R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date
C a d m i u m 0.20 m g / L 0.010 6010 26 MAR 96 03 APR 96I r o n 188 m g / L 0.20 6010 26 MAR 96 03 APR 96Z i n c 165 m g / L 0.040 6010 26 MAR 96 03 APR 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
Repor t ed By: Kaye Ryman A p p r o v e d By: K r i s t i n a S a n c h e z
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T o t a l M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 0 6L a b I D : 047974-0006-SAM a t r i x : AQUEOUS S a m p l e d : 20 MAR 96 R e c e i v e d : 21 MAR 96A u t h o r i z e d : 2 2 M A R 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w

R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dP a r a m e t e r R e s u l t U n i t s L i m i t M e t h o d Date Dat e
C a d m i u m 0.14 m g / L 0.010 6010 26 MAR 96 03 APR 96I r o n 201 m g / L 0.20 6010 26 MAR 96 03 APR 96Z i n c 159 m g / L 0.040 6010 26 MAR 96 03 APR 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : K a y e Ryman A p p r o v e d B y : K r i s t i n a S a n c h e z
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T o t a l M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 0 7L a b I D : 047974-0007-SAM a t r i x : AQUEOUS S a m p l e d : 20 MAR 96 R e c e i v e d : 21 MAR 96A u t h o r i z e d : 2 2 M A R 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w

R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date
C a d m i u m 0.072 m g / L 0.0050 6010 26 MAR 96 01 APR 96I r o n 16.7 m g / L 0.10 6010 26 MAR 96 01 APR 96Z i n c 18.4 m g / L 0.020 6010 26 MAR 96 01 APR 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d By: K a y e Ryman A p p r o v e d By: K r i s t i n a S a n c h e z
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T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 0 8L a b I D : 047974-0008-SAM a t r i x : AQUEOUS S a m p l e d : 20 MAR 96 R e c e i v e d : 21 MAR 96A u t h o r i z e d : 2 2 M A R 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dP a r a m e t e r R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m ND m g / L 0.50 6010 26 MAR 96 03 APR 96I r o n 26900 m g / L 10.0 6010 26 MAR 96 03 APR 96Z i n c 4530 m g / L 2.0 6010 26 MAR 96 03 APR 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : K a y e Ryman A p p r o v e d B y : K r i s t i n a S a n c h e z
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T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 0 9L a b I D : 047974-0009-SAM a t r i x : AQUEOUS S a m p l e d : 20 MAR 96 R e c e i v e d : 21 MAR 96A u t h o r i z e d : 2 2 M A R 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dP a r a m e t e r R e s u l t U n i t s L i m i t M e t h o d Date Dat e

C a d m i u m ND m g / L 0.0050 6010 26 MAR 96 01 APR 96I r o n 2.2 m g / L 0.10 6010 26 MAR 96 01 APR 96Z i n c 0.40 m g / L 0.020 6010 26 MAR 96 01 APR 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : K a y e Ryman A p p r o v e d B y : K r i s t i n a S a n c h e z
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T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 1 1L a b I D : 047974-0010-SAM a t r i x : AQUEOUS S a m p l e d : 20 MAR 96 R e c e i v e d : 21 MAR 96A u t h o r i z e d : 2 2 M A R 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dP a r a m e t e r R e s u l t U n i t s L i m i t M e t h o d D a t e Date

C a d m i u m 0.027 mg/L 0.0050 6010 26 MAR 96 01 APR 96I r o n 1.3 m g / L 0.10 6010 26 MAR 96 01 APR 96Z i n c 13.4 m g / L 0.020 6010 26 MAR 96 01 APR 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d By: K a y e Ryman A p p r o v e d By: K r i s t i n a S a n c h e z
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Q C L O T A S S I G N M E N T R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n
L a b o r a t o r yS a m p l e N u m b e r
047974-0001-SA047974-0002-SA047974-0003-SA047974-0004-SA047974-0005-SA047974-0006-SA047974-0007-SA047974-0008-SA047974-0009-SA047974-0010-SA

QC M a t r i x
A Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U S

QC C a t e g o r y
I C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A T

QC Lot N u m b e r( D C S )
26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F

QC Run N u m b e r( S C S / B L A N K )
26 MAR 9 6 - S F26 MAR 96-SF26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F



(^uanterra
L A B O R A T O R Y C O N T R O L S A M P L E R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n
A n a l y t e
C a t e g o r y : I C P - A TM a t r i x : A Q U E O U SQC L o t : 26 MAR 96-SF QC Run:C o n c e n t r a t i o n U n i t s : m g / L
A l u m i n u mA n t i m o n yA r s e n i cBariumB e r y l 1 i urnBoronC a d m i urnC a l c i u mC h r o m i u mC o b a l tC o p p e rI r o nLeadL i t h i u mM a g n e s i u mM a n g a n e s eM o l y b d e n u mN i c k e lP o t a s s i u mS e l e n i u mS i l v e rS o d i u mT i nT i t a n i u mV a n a d i u mZ i n c

C o n c e n t r a t i o nS p i k e d M e a s u r e d

2 6 M A R 9 6 - S F

2.000.5000.5002.000.050010.00.05001000.2000.5000.2501.000.50010.050.00.5000.5000.50050.00.5000.05001000.5000.5000.5000.500

2.100.4690.4982.070.05179.740.04561000.2090.5100.2561.050.53010.551.40.5090.5010.50252.30.5290.04881020.4850.5040.5150.516

En\ironmental
Services

A c c u r a c y ( % }L C S L i m i t s

1059410010310397911001041021021051061051031021001001051069810297101103103

80-11680-11580-11580-11480-12080-12080-11980-11480-11680-11480-12080-12080-11980-12081-12080-11680-12080-11480-12080-12080-11980-12080-12080-12080-11680-120

C a l c u l a t i o n s a r e p e r f o r m e d b e f o r e r o u n d i n g t o avoid r o u n d - o f f errors i n c a l c u l a t e d r e s u l t s . -



M E T H O D B L A N K R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n

O^uanterra
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Services

A n a l y t e R e s u l t U n i t s R e p o r t i n gL i m i t
T e s t : I C P - A TM a t r i x : A Q U E O U SQC L o t : 26 MAR 9 6 - S F
C a d m i u mI r o nZ i n c

QC Run: 26 MAR 9 6 - S F
N DN DN D

m g / Lm g / Lm g / L
0.00500.100.020
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QC LOT ASSIGNMENT REPORT - MS QCM e t a l s A n a l y s i s a n d P r e p a r a t i o n
LaboratoryS a m p l e N u m b e r QC M a t r i x QC C a t e g o r y QC Lot N u m b e r( D C S ) QC Run N u m b e r( S C S / B L A N K ) MS QC Run Numbe*( S A , M S , S D , D U )
047974-0001-SA047974-0002-SA047974-0003-SA047974-0004-SA047974-0005-SA047974-0006-SA047974-0007-SA047974-0008-SA047974-0009-SA047974-0010-SA

A Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U S

I C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A T

26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 96-SF26 MAR 9 6 - S F26 MAR 96-SF26 MAR 9 6 - S F26 MAR 96-SF26 MAR 96-SF

26 MAR 96-SF26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 96-SF26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F

26 MAR 96-SF26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 9 6 - S F26 MAR 96-SF26 MAR 9 6 - S F2 6 M A R 9 6 - S F26 MAR 9 6 - S F26 MAR -96-SF2 6 M A R 9 6 - S F
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1 A T R I X S P I K E / M A T R I X S P I K E D U P L I C A T E Q C R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o nP r o j e c t : 047974
C a t e g o r y : I C P - A T I C P M e t a l s / T o t a lM a t r i x : A Q U E O U SS a m p l e : 047974-0001QC L o t : 26 MAR 96-SF MS Run:U n i t s : m g / L U n i t s Q u a l i f i e r : 26 MAR 9 6 - S F

A n a l y t e
A l u m i n u mA n t i m o n yA r s e n i cBari urnB e r y l 1 i urnBoronC a d m i u mC a l c i u mC h r o m i u mC o b a l tC o p p e rI r o nLeadL i t h i u ml a g n e s i u mM a n g a n e s eM o l y b d e n u mN i c k e lP o t a s s i u mS e l e n i u mS i l v e rS o d i i rT h a l 1 . j . nT i nT i t a n i u mV a n a d i u mZ i n c

— — — — — — — — — — C o n c e n t r a t i o nS a m p l e M SR e s u l t R e s u l t
N A N AN A N AN A N AN A N AN A N AN A N A0.013 0.062N A N AN A N AN A N AN A N A1.7 2.8N A N AN A N AN A N AN A N AN A N AN A N AN A N AN A N AN A N AN A N AN A N AN A N AN A N AN A N A0.39 0.91

Environmental
Services

en, iun ——MSDt e s u l t
NAN AN ANAN AN A0.061N ANAN AN A2.8N AN ANAN AN AN AN ANAN AN ANAN AN AN A0.91

AmountM S
2.00.500.502.00.050100.0501000.200.500.251.00.505.0500.500.500.50500.500.0501005.00.500.500.500.50

S p i k e dM S D
2.00.500.502.00.050100.0501000.200.500.251.00.505.0500.500.500.50500.500.0501005.00.500.500.500.50

%Recovery %RPDM S M S D M S - M S D
N CN CN CN CN CN C98N CN CN CN C103N CN CN CN CN CN CN CN CN CN CN CN CN CN C104

NCN CN CNCN CN C95N CN CN CN C102N CN CN CN CN CN CN CN CN CN CN CN CN CN C105

N CN CN CN CN CN C2.6N CN CN CN C0.94N CN CN CN CN CN CN CN CN CN CN CN CN CN C0.56

= N o t A p p l i c a b l e= N o t C a l c u l a t e d , c a l c u l a t i o n n o t a p p l i c a b l e .
C a l c u l a t i o n s a r e p e r f o r m e d b e f o r e r o u n d i n g t o avo id r o u n d - o f f errors i n c a l c u l a t e d r e s u l t s .



[Quanterra
EnvironmentalQuanterra Incorporated Services4955 Yarrow Street

Arvada, Colorado 80002
303 421-6611 Telephone303431-7171 Fax

J u n e 2 4 , 1996

M r . B i l l P e d l e rR . A . S . , I n c .311 Rock AvenueG o l d e n , CO 80401
Dear Mr. P e d l e r :
E n c l o s e d i s t h e r epor t f o r e l e v e n s a m p l e s r e c e iv ed a t Q u a n t e r r a E n v i r o n m e n t a lS e r v i c e s , Denver l a b o r a t o r y o n J u n e 1 1 , 1996.
I n c l u d e d w i t h t h e r epor t i s a q u a l i t y c o n t r o l s u m m a r y .
P l e a s e c a l l i f y o u have a n y q u e s t i o n s .
S i n c e r e l y ,

S u s a n H . M c C o o lP r o j e c t A d m i n i s t r a t o r
E n c l o s u r e s
Quanterra #049512



Te):
Fax:

Invoice

Quanterra E n v i r o n m e n t a l S e r v i c e s4955 Yarrow S t r e e tA r v a d a , CO 80002( 3 0 3 ) 4 2 1 - 6 6 1 1( 3 0 3 ) 4 3 1 - 7 1 7 1
Quanterra, I n c o r p o r a t e dP.O. Box 91501C h i c a g o , I L 606931501

(wuanterra
Environmental

0028114831Quamerra Project Number
R M A L - 0 4 9 5 1 2

T e r m s
NET 30 DAYS

Customer Contact

Dare

24 JUN 96Customer Number
00374328

B i l l P e d l e r8 m T O : R . A . S . I n c .311 Rock AvenueG o l d e n , CO 80401
B i l l P e d l e rR . A . S . I n c .311 Rock AvenueG o l d e n , CO 80401

MatrixCode Analysis Description Unn Price

A N A L Y T I C A L S E R V I C E S1 1 A Q U E O U S M e t h o d 6010 - I C P M e t a l s ( T o t a l )
A n a l y t i c a l S e r v i c e s S u b t o t a l
A D D I T I O N A L S E R V I C E SA d d i t i o n a l S e r v i c e s S u b t o t a l

59.00 649.G
649.00

0.00

Customer P.C. Number Contract Number Reference

verbal p e r B i l l P e d l e rCtiJnterra Program Administrator

S u s a n M c C o o l
Q'JA-W-B

Salesperson

L i s a D a v i s
Sub Total

Tax
Total

649.
649
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A N A L Y T I C A L R E S U L T S
F O R

R . A . S . , I n c .
F R E N C H G U L C H W A T E R S H E A D S T U D Y

Q U A N T E R R A E N V I R O N M E N T A L S E R V I C E S
D E N V E R N O . 049512

J U N E 2 4 , 1996

Reviewed by: S u s a n H . M c (



Quanterra
I n t r o d u c t i o n Smv"
T h i s report p r e s e n t s t h e a n a l y t i c a l r e s u l t s a s w e l l a s s u p p o r t i n g i n f o r m a t i o n
to aid in the e v a l u a t i o n and i n t e r p r e t a t i o n of the d a t a and is arranged in the
f o l l o w i n g order:

o S a m p l e D e s c r i p t i o n I n f o r m a t i o n
o A n a l y t i c a l T e s t R e q u e s t s
o A n a l y t i c a l R e s u l t s

All a n a l y s e s a t Quant erra are p e r f o r m e d s o that the m a x i m u m c o n c e n t r a t i o n o f
s a m p l e c o n s i s t e n t w i t h t h e me thod i s a n a l y z e d . D i l u t i o n s a r e a t t i m e s
required to avoid s a t u r a t i o n of the d e t e c t o r , to achieve l i n e a r i t y for a
s p e c i f i c targe t c o m p o u n d , o r t o reduce m a t r i x i n t e r f e r e n c e s . I n t h i s event ,
r e p o r t i n g l i m i t s a r e a d j u s t e d p r o p o r t i o n a t e l y .
A l l o f t h e z inc r e p o r t i n g l i m i t s were r a i s e d f o r a l l o f t h e s a m p l e s d u e t o a
low l eve l r e su l t de t e c t ed in the in s trument b l a n k at the end of the a n a l y s i s
sequence. The b l a n k s o l u t i o n s were remade and the z inc was not d e t e c t e d
i n d i c a t i n g p o s s i b l e l o w l e v e l c o n t a m i n a t i o n . I n a d d i t i o n , s a m p l e s 049512-0004
t h r o u g h -0007, and -0009 were a n a l y z e d at d i l u t i o n s for m e t h o d 6010 due to the
e l e v a t e d c onc en ta t i on o f zinc i n t h e s a m p l e s . T h e r e p o r t i n g l i m i t s were
rai sed r e l a t i v e t o t h e d i l u t i o n s r equired.
S a m p l e D e s c r i p t i o n I n f o r m a t i o n
T h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n l i s t s a l l o f t h e s a m p l e s rece ived i n t h i s
p r o j e c t t o g e t h e r w i th t h e in t ernal l a b o r a t o r y i d e n t i f i c a t i o n number a s s i g n e d
f o r each s a m p l e . Each p r o j e c t r e c e ived a t Q u a n t e r r a ' s Denver l a b o r a t o r y i s
a s s i g n e d a un ique s i x d i g i t number. S a m p l e s w i t h i n t h e p r o j e c t a r e numbered
s e q u e n t i a l l y . T h e labora tory i d e n t i f i c a t i o n number i s a c o m b i n a t i o n o f t h e
s i x d i g i t p r o j e c t code and the s a m p l e sequence number.
A l s o g i v e n i n t h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n i s t h e S a m p l e T y p e ( m a t r i x ) ,
Date o f S a m p l i n g ( i f k n o w n ) a n d Date o f R e c e i p t a t t h e l a b o r a t o r y .
A n a l y t i c a l T e s t Requests
T h e A n a l y t i c a l T e s t Reque s t s l i s t s t h e a n a l y s e s tha t were p e r f o r m e d o n each
s a m p l e . T h e C u s t o m T e s t co lumn i n d i c a t e s where t e s t s have been m o d i f i e d t o
con form t o t h e s p e c i f i c requirements o f t h i s p r o j e c t .
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LEMs Report Key
Section \ Description

Cover Letter
Sample Description Information

Sample Analysis Results Sheets
QC LOT Assignment Report

Duplicate Control Sample Report

Laboratory Control Sample Report

Matrix Spike /Matr i x Spike Duplicate Report

Single Control Sample Report
Method Blank Report

Signature page, report narrative as applicable.
Tabulated cross-reference between the Lab ID andClient ID, including matrix, date and time sampled,
and the date received for all samples in the project
Lists sample results, test components, reportinglimits, dates prepared and analyzed, and any dataqual i f i er s . Pages are organized by test
Cross-reference between lab IDs and applicable QCbatches (DCS, LCS, Blank, MS/SD, DU)
Percent recovery and RPD results, with acceptancelimits, for the laboratory duplicate control samples
for each test are tabulated in this report These aremeasures of accuracy and precision for each testAcceptance l imi t s are based upon laboratoryhistorical data.
Percent recovery results for a single Laboratory
Control Sample (if appl icable) are tabulated in thisreport, with the applicable acceptance limits foreach test
Percent recovery and RPD results for matrix-spec i f i c QC samples and acceptance limits, where
applicable. This report can be used to assess matrixe f f e c t s on an analysis.
A tabulation of the surrogate recoveries for theblank for organic analyses.
A summary, of the results of the analysis of themethod blank for each test

List of Abbreviations and Terms
Abbreviation

DCS
DU
EB
FB
FD
IDL
LCS
MB
MDL
MS
RPD
ppm (part-per-million)
QUAL

Term
Duplicate Control Sample
Sample Duplicate
Equipment Blank
Field Blank
Field Duplicate
Instrument Detection Limit
(Metals)
Laboratory Control Sample
Method Blank
Method Detection Limit
Matrix Spike
Relative Percent Dif f erence
mg/L or mg/kg (usually)
Qualifier f l a g

Abbreviation
MSD
QCRon
QC Category
QCLot
ND
QC Matrix
RL
QC
SA
SD
TB
ppb (part-per-
billion)
OIL

Term
Matrix Spike Duplicate
Preparation Batch
LIMs QC Category
DCS Batch
Not Detected at or above the
reporting limit expressed
Matrix of the laboratorycontrol sample(s)
Reporting Limit

-Quality Control
Sample
Spike Duplicate
Trip Blank
ug/L or ug/kg (usually)
Dilution Factor
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S A M P L E D E S C R I P T I O N I N F O R M A T I O Nf o rR . A . S . I n c .

L a b I D
049512-049512-049512-049512-049512-049512049512049512049512049512049512

0 0 0 1 - S A0 0 0 2 - S A0 0 0 3 - S A- 0 0 0 4 - S A- 0 0 0 5 - S A- 0 0 0 6 - S A- 0 0 0 7 - S A-0008-SA- 0 0 0 9 - S A-0010-SA- 0 0 1 1 - S A

C l i e n t I D
F G 0 0 1 2F G 0 0 1 3F G 0 0 1 4F G 0 0 1 5F G 0 0 1 6F G 0 0 1 7F G 0 0 1 8F G 0 0 1 9F G 0 0 2 0F G 0 0 2 1F G 0 0 2 2

M a t r i x
A Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SAQUEOUSA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U S

S a m p l e dDate T i m e
10 JUN 9610 JUN 9610 JUN 9610 JUN 9610 JUN 9610 JUN 9610 JUN 9610 JUN 9610 JUN 961 0 J ' J N 9 610 JUN 96

ReceivedDate
11 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 9611 JUN 96



V')uanterra
Environmental

Services

A N A L Y T I C A L T E S T R E Q U E S T Sf o rR . A . S . I n c .

L a b I D : G r o u p C u s t o m049512 C o d e A n a l y s i s D e s c r i p t i o n T e s t ?
0001 - 0011 A ICP M e t a l s (Total) YPrep - T o t a l M e t a l s , I C P N



[Quanterra
E m i ' r o n m e n r j /Services

A n a l y t i c a l R e s u l t s
T h e a n a l y t i c a l r e s u l t s f o r t h i s p r o j e c t a r e p r e s e n t e d i n t h e f o l l o w i n g d a t a
t a b l e s . Each d a t a t a b l e i n c l u d e s s a m p l e i d e n t i f i c a t i o n i n f o r m a t i o n , a n d when
a v a i l a b l e a n d a p p r o p r i a t e , d a t e s s a m p l e d , r e c e i v e d , a u t h o r i z e d , p r e p a r e d a n d
a n a l y z e d . T h e a u t h o r i z a t i o n d a t a i s t h e d a t e when t h e p r o j e c t w a s d e f i n e d b y
t h e c l i e n t such tha t l a b o r a t o r y work c o u l d b e g i n .
Data shee t s c o n t a i n a l i s t i n g o f the paramet er s measured in each t e s t , the
a n a l y t i c a l r e s u l t s a n d t h e Quanterra r e p o r t i n g l i m i t . R e p o r t i n g l i m i t s a r e
a d j u s t e d t o r e f l e c t d i l u t i o n o f t h e s a m p l e , when a p p r o p r i a t e .
T h e r e s u l t s f r o m t h e S t a n d a r d Quanterra Q A / Q C Proqram, w h i c h g enera t e s d a t a
w h i c h a r e i n d e p e n d e n t o f m a t r i x e f f e c t s , a r e p r o v i d e d s u b s e q u e n t l y .



(jjsjuanterra
Environmental
Services

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 1 2L a b I D : 049512-0001-SAM a t r i x : AQUEOUS S a m p l e d : 10 OUN 96 Rece ived: 11 JUN 96A u t h o r i z e d : 11 JUN 96 P r e p a r e d : See Below A n a l y z e d : See Below
R e p o r t i n g A n a l y t i c a l Prepared A n a l y z e dParameter Resu l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.0054 m g / L 0.0050 6010 12 JUN 96 19 JUN 96I r o n 0.46 m g / L 0.10 6010 12 JUN 96 19 JUN 96Z i n c 0.13 m g / L 0.051 6010 12 JUN 96 19 JUN 96

ND = Not d e t e c t e dN A = N o t a p p l i c a b l e
Reported By: P a t r i c k Carro l1 A p p r o v e d By: K r i s t i n a S a n c h e z



Environ men ra/
5enices

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 1 3L a b I D : 049512-0002-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 Rece ived: 11 JUN 96A u t h o r i z e d : 11 JUN 96 Prepar ed: See Below A n a l y z e d : See Below
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

Cadmium 0.010 m g / L 0.0050 6010 12 JUN 96 19 JUN 96Iron 5.9 m g / L 0.10 6010 12 JUN 96 19 JUN 96Z i n c 1.7 m g / L 0.051 6010 12 JUN 96 19 JUN 96

ND = Not d e t e c t e dN A = N o t a p p l i c a b l e
Reported By: P a t r i c k C a r r o l ! A p p r o v e d By: K r i s t i n a S a n c h e z



Enrironmen ra I
Services

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F 6 0 0 1 4L a b I D : 049512-0003-SAM a t r i x : A Q U E O U S S a m p l e d : 1 0 J U N 9 6 R e c e i v e d : 1 1 J U N 9 6A u t h o r i z e d : 1 1 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParame t er R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m ND m g / L 0.0050 6010 12 JUN 96 19 JUN 96I r o n ND m g / L 0.10 6010 12 JUN 96 19 JUN 96Z i n c ND m g / L 0.051 6010 12 JUN 96 19 JUN 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : P a t r i c k C a r r o l ! A p p r o v e d B y : K r i s t i n a S a n c h e z
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M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 1 5L a b I D : 049512-0004-SAM a t r i x : A Q U E O U S S a m p l e d : 1 0 J U N 9 6 R e c e i v e d : 1 1 J U N 9 6A u t h o r i z e d : 1 1 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 13.0 m g / L 0.25 6010 12 JUN 96 19 JUN 96I r o n 4090 m g / L 5.0 6010 12 JUN 96 19 JUN 96Z i n c 3160 m g / L 2.6 6010 12 JUN 96 19 JUN 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : P a t r i c k Carro l1 A p p r o v e d B y : K r i s t i n a S a n c h e z



€£uanterra
EniirnnnKnfsl

. S t f r v i c w

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 1 6L a b I D : 049512-0005-SAM a t r i x : A Q U E O U S S a m p l e d : 1 0 J U N 9 6 R e c e i v e d : 1 1 J U N 9 6A u t h o r i z e d : 1 1 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e d ~ _

Paramet er R e s u l t U n i t s L i m i t M e t h o d Date D a t e
C a d m i u m 0.34 m g / L 0.025 6010 12 JUN 96 19 JUN 96I r o n 297 m g / L 0.50 6010 12 JUN 96 19 JUN 96-Z i n c ' 277 m g / L 0.26 6010 12 JUN 96 19 JUN 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : P a t r i c k C a r r o l 1 A p p r o v e d B y : K r i s t i n a S a n c h e z
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M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F 6 0 0 1 7L a b I D : 049512-0006-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 Rece ived: 11 JUN 96A u t h o r i z e d : 11 JUN 96 Prepared: See Below A n a l y z e d : See Below
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Dat e

C a d m i u m 0.63 m g / L 0.025 6010 12 JUN 96 19 JUN 96I r o n 169 m g / L 0.50 6010 12 JUN 96 19 JUN 96Z i n c 230 m g / L 0.26 6010 12 JUN 96 19 JUN 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
Report ed By: P a t r i c k C a r r o l l A p p r o v e d By: K r i s t i n a S a n c h e z



Environments!Scnices

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 1 8L a b I D : 049512-0007-SAM a t r i x : A Q U E O U S S a m p l e d : 1 0 J U N 9 6 R e c e i v e d : 1 1 J U N 9 6A u t h o r i z e d : 1 1 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParame t e r R e s u l t U n i t s L i m i t M e t h o d Date D a t e

C a d m i u m 0.072 mg/L 0.010 6010 12 JUN 96 19 JUN 96I r o n 120 m g / L 0.20 6010 12 JUN 96 19 JUN 96Z i n c 127 m g / L 0.10 6010 12 JUN 96 19 JUN 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
Repor t ed By: P a t r i c k C a r r o l ! A p p r o v e d By: K r i s t i n a S a n c h e z



E n v / r o n m e n f a /
Services

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 1 9L a b I D : 049512-0008-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 Rece ived: 11 JUN 96A u t h o r i z e d : 11 JUN 96 P r e p a r e d : See B e l o w A n a l y z e d : See Below
R e p o r t i n g A n a l y t i c a l Prepared A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

Cadmium 0.017 m g / L 0.0050 6010 12 JUN 96 19 JUN 96I r o n 2.1 m g / L 0.10 6010 12 JUN 96 19 JUN 96Z i n c 9.6 m g / L 0.051 6010 12 JUN 96 19 JUN 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
Reported By: P a t r i c k C a r r o l l A p p r o v e d By: K r i s t i n a S a n c h e z



Services

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 2 0L a b I D : 049512-0009-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 R e c e i v e d : 11 JUN 96A u t h o r i z e d : 11 JUN 96 P r e p a r e d : See Below A n a l y z e d : See Below
R e p o r t i n g A n a l y t i c a l Prepared A n a l y z e d -Parameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.54 m g / L 0.25 6010 12 JUN 96 19 JUN 9'I r o n 165 m g / L 5.0 6010 12 JUN 96 19 JUN 9trZ i n c 355 m g / L 2.6 6010 12 JUN 96 19 JUN 96

ND = Not d e t e c t edN A = N o t a p p l i c a b l e
Repor t ed By: P a t r i c k C a r r o l ! A p p r o v e d By: K r i s t i n a S a n c h e z
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M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 2 1L a b I D : 049512-0010-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 Rec e iv ed: 11 JUN 96A u t h o r i z e d : 11 JUN 96 P r e p a r e d : See Below A n a l y z e d : See Below
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date . Date

C a d m i u m 0.0089 mg/L 0.0050 6010 12 JUN 96 19 JUN 96I r o n 0.64 m g / L 0.10 6010 12 JUN 96 19 JUN 96Z i n c 2.6 m g / L 0.051 6010 12 JUN 96 19 JUN 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : P a t r i c k C a r r o l ! A p p r o v e d B y : K r i s t i n a S a n c h e z

15
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M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F 6 0 0 2 2L a b I D : 049512-0011-SAM a t r i x : AQUEOUS S a m p l e d : 10 JUN 96 Rece ived: 11 JUN 96A u t h o r i z e d : 1 1 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParamet er R e s u l t U n i t s L i m i t M e t h o d Date D a t e

C a d m i u m 0.0064 mg/L 0.0050 6010 12 JUN 96 19 JUN 96I r o n 0.16 m g / L 0.10 6010 12 JUN 96 19 JUN 96Z i n c 0.76 m g / L 0.051 6010 12 JUN 96 19 JUN 96

ND = Not d e t e c t edN A = N o t a p p l i c a b l e
Report ed B y : P a t r i c k C a r r o l l A p p r o v e d B y : K r i s t i n a S a n c h e z



(^uanterra
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Q C L O T A S S I G N M E N T R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n
LaboratoryS a m p l e N u m b e r
049512-0001-SA049512-0002-SA049512-0003-SA049512-0004-SA049512-0005-SA049512-0006-SA049512-0007-SA049512-0008-SA049512-0009-SA049512-0010-SA049512-0011-SA

QC M a t r i x
A Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U S

QC Cat egory
I C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A T

QC Lot N u m b e r( D C S )
1 2 J U N 9 6 - N 11 2 J U N 9 6 - N 112 JUN 96-1411 2 J U N 9 6 - N 11 2 J U N 9 6 - N 112 JUN 96-N112 JUN 96-N11 2 J U N 96-N11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 1

QC Run N u m b e r( S C S / B L A N K )
1 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 112 JUN 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 11 2 J U N 9 6 - N 1



(^uanterra
En\ironmcntalServices

L A B O R A T O R Y C O N T R O L S A M P L E R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n
A n a l y t e
C a t e g o r yM a t r i x :QC L o t :

C o n c e n t r a t i o nS p i k e d M e a s u r e d
I C P - A TA Q U E O U S1 2 J U N 9 6 - N 1C o n c e n t r a t i o n U n i t s : m g / L

A l u m i n u mA n t i m o n yA r s e n i cBari urnB e r y l 1 i urnBoronCadmi urnC a l c i u mChromi urnC o b a l tC o p p e rI r o nLeadL i t h i u mM a g n e s i u mMangane s eM o l y b d e n u mN i c k e lP o t a s s i u mS e l e n i u mS i l v e rS o d i u mT i nT i t a n i u mV a n a d i u mZ i n c

Q C Run: 1 2 J U N 9 6 - N 1
2.000.5002.002.000.05001.000.050050.00.2000.5000.2501.000.5001.0050.00.5001.000.50050.02.000.050050.02.001.000.5000.500

2.160.4661.881.960.04801.070.044148.30.1820.4880.2481.090.4850.96148.60.4880.9550.47547.92.050.049049.51.930.9980.4860.462

A c c u r a c y ( % )L C S L i m i t s

108939498961078897919899109979697989595961029899971009792

80-11680-11580-11580-11480-12080-12080-11980-11480-11680-11480-12080-12080-11980-12081-12080-11680-12080-11480-12080-12080-11980-12080-12080-12080-11680-120

C a l c u l a t i o n s are p e r f o r m e d b e f o r e r o u n d i n g to avoid r o u n d - o f f errors in c a l c u l a t e d result



Environmental
Services

M E T H O D B L A N K R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n
R e p o r t i n gA n a l y t e R e s u l t U n i t s L i m i t

T e s t : I C P - A TM a t r i x : A Q U E O U SQC L o t : 12 JUN 9 6 - N 1 QC Run: 12 JUN 9 6 - N 1
C a d m i u m N D m g / L 0.0050I r o n N D m g / L 0.10Z i n c N D m g / L 0.051

19
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M A T R I X S P I K E / M A T R I X S P I K E D U P L I C A T E Q C R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o nP r o j e c t : 049512
C a t e g o r y :M a t r i x :S a m p l e :MS Run:U n i t s :

I C P - A TA Q U E O U S049484-00011 2 J U N 9 6 - N 1m g / L

I C P M e t a l s / T o t a l

A n a l y t e
A l u m i n u mA n t i m o n yA r s e n i cBariumB e r y l l i u mBoronC a d m i u r nC a l c i u mChromiumC o b a l tC o p p e rI r o nLeadL i t h i u mM a g n e s i u mM a n g a n e s eM o l y b d e n u mN i c k e lP o t a s s i u mS e l e n i u mS i l v e rS o d i u mT h a l l i u mT i nT i t a n i u mV a n a d i u mZ i n c

C o n c e n t r a t i o n
S a m p l eR e s u l t

NDN DN DND ,N DN AN D28N AN DN DN DN DN A11N DN DN D7.2N DN D120N DN AN AN DN D

MSR e s u l t
20120.

0.
0010
0
0
20.

.2.47.9.0048N A04176N A.48.25.1.48N A59.48N A.4856.1050

M S DR e s u l t

0
0
0

00
0

0
0

01702

00

.2N AN A.50.46

2.2.471.92.0.048N A.04877N A.49.251.1.47N A60.49N A.48562.1.0501702.3N AN A0.500 .47

Amount % Recov. RPDS p i k e d Recovery A c c e p . R P D A c c e p 'M S
2.00.502.02.00.050100.050500.200.500.251.00.505.0500.500.500.50502.00.050502.00.500.500.500.50

M S D
2.00.502.02.00.050100.050500.200.500.251.00.505.0500.500.500.50502.00.050502.00.500.500.500.50

M S M S D L i m i t s M S - M S D L i m i l
10894959997N C8296N C9710010797N C9796N C959810510094112N CN C9993

110949510097N C9697N C9810010894N C9897N C95971049996113N CN C10094

80-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-120

1.10.70.10.40.00.0160.70.01.50.41.32.50.00.81.10.00.00.51.30.90.71.40.00.00.61.9

2C
f -
i

',

2t2C
i

27?(

21O f

„2
1

-T"2"
72

7

N A = N o t A p p l i c a b l e• N C = N o t C a l c u l a t e d , c a l c u l a t i o n n o t a p p l i c a b l e .N D = N o t D e t e c t e d
C a l c u l a t i o n s a r e p e r f o r m e d b e f o r e r o u n d i n g t o avo id r o u n d - o f f errors i n c a l c u l a t e d r e s u l t s .



Chain of CustodyRecord
rj))uanterra

EnvironmentalServices
QUA") 124-1
Client

Address

Piolad Manager

Telephone Number (Area CoiJd)/Fax Number

D d f o

Lab Number

Analysis (Attach list if "more s isce is needed)

Chain Ol Custody Number75657
Page ( of '

City S l a l a Zip Code SiW Conlacl

Project Name Carrier/Waybill Number

tab ConlaclS
Contract/Purchase Order/Quote No.

Sample I.D. No. and Description
(Containers lor each sample may be combined on one line) D a f e Time

Matrix Containers &Preservatives
iJ

Special Instructions/Conditions of Receipt

O Q t Z -
00 H
O P / ? 300 /5 it Y

60^ u

±y
V Y 10r

Possible Hazard Identification
CD Non-Hazard LJ Flammable CD SWn Irritant LJ Poison B CH Unknown

Sample Disposal
LJ Ref i /rn To CWenl / spo sa( By tab LJ Archive For (,4 fee may be assessed il samples are retainedMonths longer than 3 months)

Turn Around Time nequfod
D 2 4 H p u r s 4 /^JM Hours D 7 Days D >4 Days D 21 Days D Time

*C f ? 0 q u / r e m e n l s {Specify)

1. Received By OntoMifcDate /Dale Time 2. Received By

Dale Time 3. Received By Dale

Comments



This concludes the information
associated with this section.
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_uanterra
. £mironmenra/i Incorporated Services4955 Yarrow StreetArvada, Colorado 80002

303 421-6611 Telephone303431-7171 Fax

J u l y 1 0 , 1996

M r . B i l l P e d l e rR . A . S . , I n c .311 Rock A v e n u eG o l d e n , CO 80401
Dear Mr. P e d l e r :
E n c l o s e d i s th e repor t f or t w e l v e aqueous s a m p l e s r e c e ived a t Q u a n t e r r aE n v i r o n m e n t a l S e r v i c e s , Denver l a b o r a t o r y on J u n e 28, 1996.
I n c l u d e d w i t h t h e report i s a q u a l i t y c on tro l summary.
P l e a s e c a l l i f y o u have a n y q u e s t i o n s .
S i n c e r e l y ,

S u s a n H . M c C o o lP r o j e c t A d m i n i s t r a t o r
E n c l o s u r e s
Q u a n t e r r a #049918



Tel:
Fax:

Invoice

Quanterra E n v i r o n m e n t a l S e r v i c e s4955 Y a r r o w S t r e e tA r v a d a , CO 80002( 3 0 3 ) 4 2 1 - 6 6 1 1( 3 0 3 ) 4 3 1 - 7 1 7 1
Q u a n t e r r a , I n c o r p o r a t e dP . O . Box 91501C h i c a g o , I L 606931501

(wuanterra
EnvironmentalServices

Date

0028115237Quanterra Project Number
R M A L - 0 4 9 9 1 8

Terms
N E T 3 0 D A Y S

Customer Contact

1 0 J U L 9 6Customer Number

00374328

B i l l P e d l e rR . A . S . I n c .311 Rock A v e n u eG o l d e n , CO 80401

B i l l P e d l e rR . A . S . I n c .311 Rock A v e n u eG o l d e n , CO 80401

MatrixCode Analysis Description Extenaec •

A N A L Y T I C A L S E R V I C E S1 2 A Q U E O U S M e t h o d 6010 - I C P M e t a l s ( T o t a l )
A n a l y t i c a l S e r v i c e s S u b t o t a l
A D D I T I O N A L S E R V I C E SA d d i t i o n a l S e r v i c e s S u b t o t a l

59.00 708.
708.00

0.00

Customer P.O. Number / Contract Number / Reference

Overba,l per. B i l l P e d l e rQuanteirfTtogKm Administrator

S u s a n M c C o o l
OUA-t027-B

Salesperson

L i s a D a v i s
Sub Total

Tax
Total

708 '
70&-T-;

Federal Ta* > O



€£>uanterra

A N A L Y T I C A L R E S U L T S
F O R

R . A . S . , I n c .
F R E N C H G U L C H W A T E R S H E A D S T U D Y

Q U A N T E R R A E N V I R O N M E N T A L S E R V I C E S
D E N V E R N O . 049918

JULY 10, 1996

Reviewed by: MS u s a n H . M c C o o l



Environmental

T a b l e Of Contents
Standard Deliverable

• Table of Contents

• Narrative

• LIMs Report Key

• S a m p l e Description

• Test Requests

• Analytical Results

• QC Summary

• Chain-of-Custody

• Miscellaneous

Total Number of Pages



0»uanterra
Eniironmental

Scr\icc*

I n t r o d u c t i o n
T h i s report p r e s e n t s t h e a n a l y t i c a l r e s u l t s a s w e l l a s s u p p o r t i n g i n f o r m a t i o n
to aid in the e v a l u a t i o n and i n t e r p r e t a t i o n of the d a t a and is arranged in the
f o l l o w i n g order:

o S a m p l e D e s c r i p t i o n I n f o r m a t i o n
o A n a l y t i c a l T e s t Reques t s
o A n a l y t i c a l R e s u l t s

All a n a l y s e s at Quanterra are p e r f o r m e d so that the maximum c o n c e n t r a t i o n of
s a m p l e c on s i s t en t w i t h the method i s a n a l y z e d . D i l u t i o n s are at t ime s
requir sd to avoid s a t u r a t i o n o f the d e t e c t o r , to ach i eve l i n e a r i t y for a
s p e c i f i c target c o m p o u n d , or t o reduce m a t r i x i n t e r f e r e n c e s . In t h i s event,
r e p o r t i n g l i m i t s a r e a d j u s t e d p r o p o r t i o n a t e l y .
S a m p l e s 049918-0003 t h r o u g h -0006, -0008, and -0010 were a n a l y z e d at d i l u t i o n s
for method 6010 due to the e l e v a t e d c o n c e n t a t i o n of z inc in the s a m p l e s . The
r e p o r t i n g l i m i t s were raised r e l a t i v e t o t h e d i l u t i o n s r equ ir ed .
S a m p l e D e s c r i p t i o n I n f o r m a t i o n
T h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n l i s t s a l l o f t h e s a m p l e s rece ived i n t h i s
p r o j e c t t o g e t h e r w i t h t h e i n t e r n a l l a b o r a t o r y i d e n t i f i c a t i o n number a s s i g n e d
f o r each s a m p l e . Each p r o j e c t received a t Q u a n t e r r a ' s Denver l a b o r a t o r y i s
a s s i g n e d a unique s i x d i g i t number. S a m p l e s w i t h i n th e p r o j e c t ar e numbered
s e q u e n t i a l l y . The l a b o r a t o r y i d e n t i f i c a t i o n number i s a c o m b i n a t i o n o f t h e
s i x d i g i t p r o j e c t code and the s a m p l e sequence number.
A l s o g iven i n t h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n i s t h e S a m p l e T y p e ( m a t r i x ) ,
Date o f S a m p l i n g (i f known) and Date o f R e c e i p t a t the l a b o r a t o r y .
A n a l y t i c a l T e s t Requests
The A n a l y t i c a l T e s t Reques t s l i s t s t h e a n a l y s e s that were p e r f o r m e d on each
s a m p l e . T h e C u s t o m T e s t c o l u m n i n d i c a t e s where t e s t s have been m o d i f i e d t o
c o n f o r m t o t h e s p e c i f i c r equ ir ement s o f t h i s p r o j e c t .



En vironmtmtnt
Services

UMs Report Key
Section

Cover Letter
Sample Description Information

Sample Analysis Results Sheets
QC LOT Assignment Report

Duplicate Control Sample Report

Laboratory Control Sample Report

Matrix Spike /Matr i x Spike Duplicate Report

Single Control Sample Report
Method Blank Report

Description
Signature page, report narrative as applicable.
Tabulated cross-reference between the Lab ID andClient ID, including matrix, date and time sampled,
and the date received for all samples in the projec t
Lists sample results, test components, reporting
limits, dates prepared and analyzed, and any data
qualifiers. Pages are organized by test
Cross-reference between lab IDs and applicable QC
batches (DCS, LCS, Blank, MS/SD, DU)
Percent recovery and RPD results, with acceptance
l imi t s , for the laboratory duplicate control samples
for each test are tabulated in this report These aremeasures of accuracy and precision for each test
Acceptance limits are based upon laboratoryhistorical data.
Percent recovery results for a single Laboratory
Control Sample (if appl icable) are tabulated in thisreport, with the applicable acceptance limits foreach test
Percent recovery and RPD results for matrix-spec i f i c QC samples and acceptance l imi t s where
applicable. This report can be used to assess matrixe f f e c t s on an analysis.
A tabulation of the surrogate recoveries for the
blank for organic analyses. ~
A summary of the results of the analysis of themethod blank for each test

List of Abbreviations and Terms
Abbreviation

DCS
DU
EB
EB
H>
IDL
LCS
MB
MDL
MS
RPD
ppm (part-per-million)
QUAL

Term
Duplicate Control Sample
Sample Duplicate
Equipment Blank
Field Blank
Fie ld Duplicate
Instrument Detection Limit
(Metals)
Laboratory Control Sample
Method Blank
Method Detection Limit
Matrix Spike
Relative Percent Difference
mg/L or mg/kg (usually)
Qual i f i e r f l a g

Abbreviation
MSD
QCRun
QC Category
QCLot
ND
QC Matrix
RLQC
SA
SD
TB
ppb (part-per-
billion)
DDL

Term
Matrix Spike Duplicate
Preparation Batch
LIMs QC Category
DCS Batch
Not Detected at or above thereporting limit expressed
Matrix of the laboratory
control samples)
Reporting Limit

-Quality Control
Sample
Spike Duplicate
Trip Blank
ug/L or ug/kg (usually)
Dilution Factor
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S A M P L E D E S C R I P T I O N I N F O R M A T I O Nf o rR . A . S , I n c .

L a b I D
049918049918049918049918049918049918049918049918049918049918049918049918

•0001-SA-0002-SA-0003-SA-0004-SA-0005-SA•0006-SA-0007-SA•0008-SA•0009-SA- 0 0 1 0 - S A•0011-SA•0012-SA

C l i e n t I D
F G 0 0 2 3F G 0 0 2 4F G 0 0 2 5F G 0 0 2 6F G 0 0 2 7F G 0 0 2 8F G 0 0 2 9F G 0 0 3 0F G 0 0 3 1F G 0 0 3 2F G 0 0 3 3F G 0 0 3 4

M a t r i x
A Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U S

S a m p l e dDate T i m e
27 OUN 9627 JUN 9627 OUN 9627 OUN 9627 OUN 9627 OUN 9627 OUN 9627 OUN 9627 OUN 9627 OUN 9627 OUN 9627 OUN 96

ReceivedDate
28 OUN 9628 OUN 9628 OUN 9628 OUN 9628 OUN 9628 OUN28 OUN28 OUN28 OUN28 OUN28 OUN 9628 OUN 96

9696969696



A N A L Y T I C A L T E S T R E Q U E S T Sf o rR . A . S . I n c .

[ftuanterra
Environirn-ntsl

L a b I D :049918 G r o u pC o d e A n a l y s i s D e s c r i p t i o n

0001 - 0012 I C P M e t a l s ( T o t a l )P r e p - T o t a l M e t a l s , I C P

C u s t o mT e s t ?
YN



Quanterra
Services

A n a l y t i c a l R e s u l t s
T h e a n a l y t i c a l r e s u l t s f o r t h i s p r o j e c t a r e p r e s e n t e d i n t h e f o l l o w i n g d a t a
t a b l e s . Each d a t a t a b l e i n c l u d e s s a m p l e i d e n t i f i c a t i o n i n f o r m a t i o n , a n d when
a v a i l a b l e and a p p r o p r i a t e , d a t e s s a m p l e d , r e c e ived , a u t h o r i z e d , p r e p a r e d and
a n a l y z e d . The a u t h o r i z a t i o n d a t a i s the da t e when the p r o j e c t was d e f i n e d by
t h e c l i e n t such that l a b o r a t o r y work c o u l d b e g i n .
Data shee t s c on ta in a l i s t i n g o f the parame t er s measured in each t e s t , the
a n a l y t i c a l r e s u l t s a n d t h e Quanterra r e p o r t i n g l i m i t . R e p o r t i n g l i m i t s a r e
a d j u s t e d t o r e f l e c t d i l u t i o n o f t h e s a m p l e , when a p p r o p r i a t e .
T h e r e s u l t s f r o m t h e S t a n d a r d Q u a n t e r r a Q A / Q C P r o g r a m , w h i c h g e n e r a t e s d a t a
w h i c h a r e i n d e p e n d e n t o f m a t r i x e f f e c t s , a r e p r o v i d e d s u b s e q u e n t l y .



C l i e n t N a m e :C l i e n t I D :L a b I D :M a t r i x :A u t h o r i z e d :
Paramet er
C a d m i u mI r o nZ i n c

R . A . S . I n c .F G 0 0 2 3049918-0001-SAA Q U E O U S28 JUN 96

R e s u l t
N DN DN D

M e t a l s
T o t a l M e t a l s

S a m p l e d : 2 7 J U N 9 6P r e p a r e d : S e e B e l o w

[^uanterra
Emironmcntal

Services

R e c e i v e d : 2 8 J U N 9 6A n a l y z e d : S e e B e l o w
U n i t s
m g / Lm g / Lm g / L

R e p o r t i n g A n a l y t i c a lL i m i t M e t h o d
0.00500.100.051

601060106010

P r e p a r e d A n a l y z e dDate Date
01 JUL 96 03 JUL 9601 JUL 96 03 JUL 9601 JUL 96 03 JUL 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d By: Doug G o m e r A p p r o v e d B y : R i c h a r d P e r s i c h i t t e



M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 2 4L a b I D : 049918-0002-SAM a t r i x : AQUEOUS S a m p l e d : 27 JUN 96 Rece ived: 28 JUN 96A u t h o r i z e d : 2 8 J U N 9 6 P r e p a r e d : S e e Below A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.0075 m g / L 0.0050 6010 01 JUL 96 03 JUL 96I r o n 15.7 m g / L 0.10 6010 01 JUL 96 03 JUL 96Z i n c 4.3 m g / L 0.051 6010 01 JUL 96 03 JUL 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d By: D o u g Gomer A p p r o v e d By: R i c h a r d P e r s i c h i t t e



Scniccs

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 2 5L a b I D : 049918-0003-SAM a t r i x : AQUEOUS S a m p l e d : 27 JUN 96 Rece ived: 28 JUN 96A u t h o r i z e d : 2 8 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date D a t e

C a d m i u m 15.2 m g / L 0.25 6010 01 JUL 96 03 JUL 96I r o n 3750 m g / L 5.0 6010 01 JUL 96 03 JUL 96Z i n c 3360 m g / L 2.5 6010 01 JUL 96 03 JUL 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : Doug Gomer A p p r o v e d B y : R i c h a r d P e r s i c h i t t e



(wuanterra
En l irofimcnt a/Services

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 2 6L a b I D : 049918-0004-SAM a t r i x : A Q U E O U S S a m p l e d : 2 7 J U N 9 6 R e c e i v e d : 2 8 J U N 9 6A u t h o r i z e d : 28 JUN 96 P r e p a r e d : See B e l o w A n a l y z e d : See Below
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.092 m g / L 0.010 6010 01 OUL 96 03 JUL 96I r o n 117 m g / L 0.20 6010 01 OUL 96 03 JUL 96Z i n c 124 m g / L 0.10 6010 01 JUL 96 03 JUL 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : Doug G o m e r A p p r o v . B y : R i c h a r d P e r s i c h i t t e

10



Environmental
Sen'icc*

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 2 7L a b I D : 049918-0005-SAM a t r i x : AQUEOUS S a m p l e d : 27 JUN 96 Rece ived: 28 JUN 96A u t h o r i z e d : 2 8 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParamet er R e s u l t U n i t s L i m i t M e t h o d Date D a t e

C a d m i u m 0.72 m g / L 0.025 6010 01 JUL 96 03 JUL 96I r o n 184 m g / L 0.50 6010 01 JUL 96 03 JUL 96Z i n c 242 m g / L 0.25 6010 01 JUL 96 03 JUL 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d By: Doug Corner A p p r o v e d By: Richard P e r s i c h i t t e



(jvuanterra
Environ men tal

Services

M e t a l s
T o t a l M e t a l s "

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 2 8L a b I D : 049918-0006-SAM a t r i x : A Q U E O U S S a m p l e d : 2 7 J U N 9 6 R e c e i v e d : 2 8 J U N 9 6A u t h o r i z e d : 2 8 J U N 9 6 P r e p a r e d : S e e Below A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l Prepared A n a l y z e dParamet er R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.31 m g / L 0.025 6010 01 JUL 96 03 JUL 96I r o n 279 m g / L 0.50 6010 01 JUL 96 03 JUL 96Z i n c 256 m g / L 0.25 6010 01 JUL 96 03 JUL 96

ND = Not d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : Doug Gomer A p p r o v e d B y : R i c h a r d P e r s i c h i t t e



(wuanterra
Environ mental

Scr\'Kc$

M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 2 9L a b I D : 049918-0007-SAM a t r i x : A Q U E O U S S a m p l e d : 2 7 J U N 9 6 R e c e i v e d : 2 8 J U N 9 6A u t h o r i z e d : 28 JUN 96 P r e p a r e d : See B e l o w A n a l y z e d : See Below
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.011 m g / L 0.0050 6010 01 JUL 96 03 JUL 96I r o n 11.2 m g / L 0.10 6010 01 JUL 96 03 JUL 96Z i n c 7 .9 m g / L 0.051 6010 01 JUL 96 03 JUL 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d By: Doug Gomer A p p r o v e d By: Richard P e r s i c h i t t e



€^uanterra
Emironnmn t

C l i e n t N a m e :C l i e n t I D :L a b I D :M a t r i x :A u t h o r i z e d :
P a r a m e t e r
C a d m i u mI r o nZ i n c

R . A . S . I n c .F G 0 0 3 0049918-0008-SAA Q U E O U S28 JUN 96
R e s u l t

0.68164232

M e t a l s
T o t a l M e t a l s

S a m p l e d : 2 7 J U N 9 6P r e p a r e d : See Below R e c e i v e d : 2 8 J U N 9 6A n a l y z e d : S e e Below
U n i t s
m g / Lm g / Lm g / L

R e p o r t i n g A n a l y t i c a lL i m i t M e t h o d
0.0250.500.25

601060106010

P r e p a r e d A n a l y z e dDate Dat e
01 JUL 96 03 JUL 9601 JUL 96 03 JUL 9601 JUL 96 03 JUL 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
Reported By: Doug Corner A p p r o v e d By: Richard P e r s i c h i t t e

14
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C l i e n t N a m e :C l i e n t I D :L a b I D :M a t r i x :A u t h o r i z e d :
Parameter
C a d m i u mI r o nZ i n c

R . A . S . I n c .F G 0 0 3 1049918-0009-SAA Q U E O U S28 JUN 96

R e s u l t
N D0.18

M e t a l s
T o t a l M e t a l s

S a m p l e d : 27 JUN 96P r e p a r e d : S e e B e l o w Rece ived: 28 JUN 96A n a l y z e d : S e e B e l o w
U n i t s
m g / Lm g / Lm g / L

R e p o r t i n g A n a l y t i c a lL i m i t M e t h o d
0.00500.10 601060106010

P r e p a r e d A n a l y z e dDate Date
01 JUL 96 03 JUL 9601 JUL 96 03 JUL 9601 JUL 96 03 JUL 96

Q

N D = N o t d e t e c t edN A = N o t a p p l i c a b l e
R e p o r t e d By: Doug Gomer A p p r o v e d B y : R i c h a r d P e r s i c h i t t e
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M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 3 2L a b I D : 049918-0010-SAM a t r i x : A Q U E O U S S a m p l e d : 2 7 J U N 9 6 R e c e i v e d : 2 8 J U N 9 6A u t h o r i z e d : 2 8 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m 0.61 m g / L 0.025 6010 01 JUL 96 03 JUL 96I r o n 163 m g / L 0.50 6010 01 JUL 96 03 JUL 96Z i n c 328 m g / L 0.25 6010 01 JUL 96 03 JUL 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : D o u g Corner A p p r o v e d B y : R i c h a r d P e r s i c h i t t e
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M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 3 3L a b I D : 049918-0011-SAM a t r i x : AQUEOUS S a m p l e d : 27 JUN 96 Rec e iv ed: 28 JUN 96A u t h o r i z e d : 2 8 J U N 9 6 P r e p a r e d : S e e Below A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l P r e p a r e d A n a l y z e dP a r a m e t e r R e s u l t U n i t s L i m i t M e t h o d Date D a t e

C a d m i u m 0.0074 m g / L 0.0050 6010 01 JUL 96 03 JUL 96I r o n 0.28 m g / L 0.10 6010 01 JUL 96 03 JUL 96Z i n c 2.7 m g / L 0.051 6010 01 JUL 96 03 JUL 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d By: D o u g Corner A p p r o v e d By: R i c h a r d P e r s i c h i t t e
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M e t a l s
T o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 3 4L a b I D : 049918-0012-SAM a t r i x : A Q U E O U S S a m p l e d : 2 7 J U N 9 6 R e c e i v e d : 2 8 J U N 9 6A u t h o r i z e d : 2 8 J U N 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w
R e p o r t i n g A n a l y t i c a l Prepar ed A n a l y z e dParameter R e s u l t U n i t s L i m i t M e t h o d Date Date

C a d m i u m ND m g / L 0.0050 6010 01 JUL 96 03 JUL 96I r o n 0.13 mg/L 0.10 6010 01 JUL 96 03 JUL 96Z i n c 0.66 mg/L 0.051 6010 01 JUL 96 03 JUL 96

N D = N o t d e t e c t e dN A = N o t a p p l i c a b l e
R e p o r t e d B y : D o u g Corner A p p r o v e d B y : R i c h a r d P e r s i c h i t t e



Q C L O T A S S I G N M E N T R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n

^uanterra
En\ironmcntal

L a b o r a t o r yS a m p l e N u m b e r
049918-049918-049918-049918-049918-049918-049918-049918-049918-049918-049918-049918-

0 0 0 1 - S A0 0 0 2 - S A0003-SA0004-SA0 0 0 5 - S A0006-SA0007-SA0008-SA0009-SA0010-SA0 0 1 1 - S A0 0 1 2 - S A

QC M a t r i x
A Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U S

QC C a t e g o r y
I C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A T

QC Lot N u m b e r( D C S ) QC Run N u m b e r( S C S / B L A N K )
0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M01 JUL 96-MM0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 96-MM0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 96-MM0 1 J U L 9 6 - M M

0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M0 1 J U L 9 6 - M M
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L A B O R A T O R Y C O N T R O L S A M P L E R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n
A n a l y t e
C a t e g o r y : I C P - A TM a t r i x : A Q U E O U SQC Lot: 01 JUL 96-MM QC Run:C o n c e n t r a t i o n U n i t s : m g / L
A l u m i n u mA n t i m o n yA r s e n i cBariumB e r y l l i u mBoronC a d m i urnC a l c i u mC h r o m i u mC o b a l tC o p p e rI r o nLeadL i t h i u mM a g n e s i u mM a n g a n e s eM o l y b d e n u mN i c k e lP o t a s s i u mS e l e n i u mS i l v e rS o d i u mT i nT i t a n i u mV a n a d i u mZ i n c

C o n c e n t r a t i o nS p i k e d M e a s u r e d

01 JUL 96-MM
2.000.5002.002.000.05001.000.50050.00.2000.5000.2501.000.5001.0050.00.5001.000.50050.02.000.050050.02.001.000.5000.500

2.080.4892.002.010.05031.040.49351.80.1880.5040.2511.030.4880.88151.80.5020.9600.49551.02.030.051752.81.830.9540.4990.491

A c c u r a c y ( % )L C S L i m i t s

10498100100101104991049410110010398881041009699102102103106929510098

80-11680-11580-11580-11480-12080-12080-11980-11480-11680-11480-12080-12080-11980-12081-12080-11680-12080-11480-12080-12080-11980-12080-12080-12080-11680-120

C a l c u l a t i o n s a r e p e r f o r m e d b e f o r e r o u n d i n g t o a v o i d r o u n d - o f f errors i n c a l c u l a t e d r e s u l t s .
20



M E T H O D B L A N K R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n

[wuanterra
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A n a l y t e R e s u l t U n i t s R e p o r t i n gL i m i t

T e s t : I C P - A TM a t r i x : A Q U E O U SQC L o t : 01 JUL 96-
C a d m i u mI r o nZ i n c

QC Run: 01 JUL 96-MM
N DN DN D

m g / Lm g / Lm g / L
0.00500.100.051
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M A T R I X S P I K E / M A T R I X S P I K E D U P L I C A T E Q C R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o nP r o j e c t : 049918
C a t e g o r y :M a t r i x :S a m p l e :MS Run:U n i t s :

I C P - A TA Q U E O U S049918-00120 1 J U L 96-MMm g / L

I C P M e t a l s / T o t a l

A n a l y t e
A l u m i n u mA n t i m o n yA r s e n i cBariumBeryl 1i urnBoronC a d m i u mC a l c i u mC h r o m i u mC o b a l tC o p p e rI r o nLeadL i t h i u mM a g n e s i u mM a n g a n e s eM o l y b d e n u mN i c k e lP o t a s s i u mS e l e n i u mS i l v e rS o d i u mT h a l l i u mT i nT i t a n i u mV a n a d i u mZ i n c

C o n c e n t r a t i o n
S a m p ! eResu l t
0.064N AN A0.010N DN AN D18N DN DN D0.13N AN A2.20.066N DN DN DN AN DN DN AN AN AN D0.66

MSResul t
2
20.

0.
0001
000

0.

01

.1N AN A.0050N A04769.18.49.25.1N AN A52.54.94.4851N A05053N AN AN A.49.1

M S DResu l t

0
0
000

000
0

0

2.1N AN A2.0.050N A.05169.19.49.251.1N AN A53.55.94.4851N A.05154N AN AN A.491.1

A m o u n t % Recov.S p i k e d Recovery A c c e p . R P DMS
2.00.500.502.00.050100.050500.200.500.251.00.505.0500.501.00.50500.500.050505.00.500.500.500.50

M S D
2.00.500.502.00.050100.050500.200.500.251.00.505.0500.500.500.50500.500.050505.00.500.500.500.50

RPDA c c e tM S M S D L i m i t s M S - M S D L i m i :
104N CN C98101N C951019198101101N CN C101959495103N C100107N CN CN C9890

103N CN C98100N C103100939810099N CN C1019618997102N C102108N CN CN C9791

80-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-120' 8 0 - 1 2 080-12080-120

100000801001000001002100000

.0 :.0 :.0 :.0 :.9 ;.0.3.3.7.6.5.9.0.0.2.8.5.9.7.0.0.2.0.0.0.8.4

N A = N o t A p p l i c a b l eN C = N o t C a l c u l a t e d , c a l c u l a t i o n n o t a p p l i c a b l e .N D = N o t Detec t ed
C a l c u l a t i o n s a r e p e r f o r m e d b e f o r e r o u n d i n g t o avo id r o u n d - o f f errors i n c a l c u l a t e d r e s u l t s



QPuanterra
Quanterra Incorporated
4955 Yarrow StreetArvada, Colorado 80002
303421-6611 Telephone303431-7171 Fax

EnvironmentalServ/ces

J u l y 30 , 1996

M r . B i l l P e d l e rR . A . S . , I n c .311 Rock A v e n u eG o l d e n , CO 80401
Dear Mr. P e d l e r :
E n c l o s e d i s t h e r epor t f o r e l e v e n aqueous s a m p l e s r e c e i v e d a t Q u a n t e r r aE n v i r o n m e n t a l S e r v i c e s , Denver l a b o r a t o r y o n J u l y 2 3 , 1996.
I n c l u d e d w i t h t h e r e p o r t i s a q u a l i t y c o n t r o l summary.
P l e a s e c a l l i f you have any q u e s t i o n s .
S i n c e r e l y ,

S u s a n H . M c C o o lP r o j e c t A d m i n i s t r a t o r
E n c l o s u r e s
Quanterra #050360



Tel:
Fax:

Invoice

Q u a n t e r r a E n v i r o n m e n t a l S e r v i c e s4955 Y a r r o w S t r e e tA r v a d a , CO 80002( 3 0 3 ) 4 2 1 - 6 6 1 1( 3 0 3 ) 4 3 1 - 7 1 7 1
Q u a n t e r r a , I n c o r p o r a t e dP.O. Box 91501C h i c a g o , I L 606931501

Environmental
iVrvicv.v

Date
0028115738Quanterra Projcci Number
R M A L - 0 5 0 3 6 0

T e r m s
N E T 3 0 D A Y S

Customer Contact

30 JUL 96Customer Number
00374328

B i l l P e d l e rR . A . S . I n c .311 Rock A v e n u eG o l d e n , CO 80401

B i l l P e d l e rR . A . S . I n c .311 Rock A v e n u eG o l d e n , CO 80401

LineNo. Qly. MatrixCode Analysis Description Exrs.vc;.- -•'-•'

A N A L Y T I C A L S E R V I C E S- 1 1 1 A Q U E O U S M e t h o d 6010 - I C P M e t a l s ( T o t a l )
A n a l y t i c a l S e r v i c e s S u b t o t a l
A D D I T I O N A L S E R V I C E SA d d i t i o n a l S e r v i c e s S u b t o t a l

59.00 649.00
649.00

0.00

verbal p e r B i l l P e d l e rCu,T!.vrr. .- PfL;^,'. / V < . - J ; ; « ? i ; f f r

S u s a n M c C o o l
Q'JA-1337-C

L i s a D a v i s
Sub Total

Tax
Total

6 4 9 . O C
6 4 9 . O C
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A N A L Y T I C A L R E S U L T S
F O R

R . A . S . , I n c .
F R E N C H G U L C H W A T E R S H E A D S T U D Y

Q U A N T E R R A E N V I R O N H E N T A L S E R V I C E S
D E N V E R N O . 050360

J U L Y 3 0 , 1996

Reviewed by: S u s a n H . M c C o o l
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Standard Deliverable

• Tab l e of Contents

• Narrative

• LIMs Report Key

• S a m p l e Description

• Test Requests

• Analytical Results

• QC Summary

• Chain-of-Custody

• Miscellaneous

T o t a l Number of Pages
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I n t r o d u c t i o n
T h i s report p r e s e n t s t h e a n a l y t i c a l r e s u l t s a s w e l l a s s u p p o r t i n g i n f o r m a t i o n
to aid in the e v a l u a t i o n and i n t e r p r e t a t i o n of the d a t a and i s arranged in the
f o l l o w i n g order:

o S a m p l e D e s c r i p t i o n I n f o r m a t i o n
o A n a l y t i c a l T e s t Reques t s
o A n a l y t i c a l R e s u l t s

All a n a l y s e s a t Quant erra ar e p e r f o r m e d s o t h a t t h e m a x i m u m c o n c e n t r a t i o n o f
s a m p l e c on s i s t en t w i t h the method i s a n a l y z e d . D i l u t i o n s are at t i m e s
required to avoid s a t u r a t i o n of the d e t e c t o r , to achieve l i n e a r i t y for a
s p e c i f i c t arge t c o m p o u n d , o r t o reduce m a t r i x i n t e r f e r e n c e s . I n t h i s e v e n t ,
r e p o r t i n g l i m i t s a r e a d j u s t e d p r o p o r t i o n a t e l y .
S a m p l e s 050360-0001, -0004 through -0006, and -0009 were a n a l y z e d at d i l u t i o n s
for method 6010 due to the e l e v a t e d c o n c e n t a t i o n of z inc in the s a m p l e s . The
r e p o r t i n g l i m i t s were raised r e l a t i v e t o t h e d i l u t i o n s r equired.
T h e recoverie s f o r iron a n d z inc were n o t c a l c u l a b l e i n t h e m a t r i x s p e c i f i c
batch QC due to the e l e v a t e d c o n c e n t r a t i o n s of t h e s e a n a l y t e s in the s p i k e d
s a m p l e . The recoveries are reported a s "NC".
S a m p l e D e s c r i p t i o n
T h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n l i s t s a l l o f t h e s a m p l e s r ece ived i n t h i s
p r o j e c t t o g e t h e r w i t h t h e i n t e r n a l l a b o r a t o r y i d e n t i f i c a t i o n number a s s i g n e d
f or each s a m p l e . Each p r o j e c t received at Q u a n t e r r a ' s Denver l a b o r a t o r y i s
a s s igned a u n i q u e . s i x d i g i t number. S a m p l e s w i t h i n the p r o j e c t are numbered
s e q u e n t i a l l y . T h e l a b o r a t o r y i d e n t i f i c a t i o n number i s a c o m b i n a t i o n o f t h e
s i x d i g i t p r o j e c t code a n d t h e s a m p l e sequence number.
A l s o g iv en i n t h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n i s t h e S a m p l e T y p e ( m a t r i x ) ,
Date o f S a m p l i n g ( i f known) and Date o f R e c e i p t a t t h e l a b o r a t o r y .
A n a l y t i c a l T e s t Reques t s
The A n a l y t i c a l T e s t Reques t s l i s t s th e a n a l y s e s that were p e r f o r m e d on each
s a m p l e . T h e C u s t o m T e s t c o lumn i n d i c a t e s where t e s t s have been m o d i f i e d t o
c o n f o r m t o t h e s p e c i f i c r equ i r emen t s o f t h i s p r o j e c t .
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L I M s Resort Kev
Sect ion || Des c r ip t i on i

Cover Lerter
S a m p l e Description Information

S a m p l e Analysis Results Sheets
QC LOT Assignment Report

Duplicate Control S a m p l e Report

Laboratory Control S a m p l e Report

Matrix S p i k e / M a t r i x Spike Duplicate Report

Single Control S a m p l e Report
Method Blank Report

Signature nase. resort narrative as arcl icable .
Tabu la t ed cross-reference between the Lab ID and
Client ID, including matrix, date and time sampled,
and the date received for all sarncles in the croiect.
Lists sample results, test components, r epor t ing
limits, dates prepared and analyzed, and any data
Quali f i er s . Pases are organized bv test.
Cross-reference between lab IDs and a p D i i c a f a l a QC
batches (DCS, L C S . Blank. MS/SD. DU)
Percent recover}' and RPD results, with acceptance
limits, for the laboratory d u p l i c a t e control sample s
for each test are tabulated in this report. These are
measures of accuracy and precis ion for each test.
Acceptance limits are based upon laboratory
historical data.
Percent recovery results for a single Laboratory-
Control S a m p l e (if a p p l i c a b l e ) are tabulated in this
report, with the appl i cab l e acceptance limits for
each test.
Percent recovery and R?D results for macix-
speciSc QC samples and acceptance limits, where
appl i cab l e . This report can be used to assess matrix
e f f e c t s on an analvsis.
A tabulation of the surrogate recoveries for the
blank for orsanic analyses.
A summary of the results of the analysis of the
method blank for each test

List of Abbreviations and Terms
Abbrevia t ion | Term

DCS I Duplicate Control S a m p l e
DU | Sample Duplicate
E3
FB
FD
IDL
L C S
MB j
MDL
MS
RPD
ppm (part-per-
m i l l i o n )
QUAL

EauiDtnent Blank
Fie ld Blank
Field Duplicate-
Instrument Detection Limit
( M e t a l s )
Laboratory Control Samul e
Method Blank
Method Detection Limit
Matrix Soike
Relative Percent Di f f e r enc e
mg/L or mg/kg (usual ly)
Qual i f i er f l a s

Abbrev ia t i on
MSD
QCRun
QC Category
Q C L o t
ND
QC Matrix
RL
QC
S A
SD
TB
p p f a (pan-per-
b i l l i o n )

Term
Matrix S o i k e Dunlicate
PreDaration Batch
LIMs QC Category
DCS Batch
Not Detected at or above the
resorting l imit expressed
Matrix of the laboratory
control samcle(s)
ReDOrtins Limi t
Quality Control
Sanroi e
S p i k e DuDiicate
Trio Blank
ug/L or u g / k g ( u s u a l l y )

DH, ! Dilut ion Factor j
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S A M P L E D E S C R I P T I O N I N F O R M A T I O Nf o rR . A . S . I n c .

L a b I D
050360-050360-050360-050360-050360-050360-050360-050360-050360-050360-050360-

0 0 0 1 - S A0002-SA0 0 0 3 - S A0004-SA0 0 0 5 - S A0 0 0 6 - S A0007-SA0008-SA0 0 0 9 - S A0 0 1 0 - S A0 0 1 1 - S A

C l i e n t I D
F G 0 0 3 5 ( M W - 3F G 0 0 3 6 ( M W - 9F G 0 0 3 7 ( M W - 1 4F G 0 0 3 8 ( M WF G 0 0 3 9F G 0 0 4 0F G 0 0 4 1F G 0 0 4 2F G 0 0 4 3F G 0 0 4 4F G 0 0 4 5

-14)- 1 6 )# 3 R E L I E F W E L L )R F - 3 )K D S )F C ( 3 C B )6 C )F G - 7F G -1}

M a t r i x
A Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U S

S a m p l e dDate T i m e
2 2 J U L 9 622 JUL 9622 JUL 9622 JUL 962 2 J U L 9 62 2 J U L 9 622 JUL 9622 JUL 962 2 J U L 9 62 2 J U L 9 622 JUL 96

Rece iv edDate
2 3 J U L 9 623 JUL 9623 JUL 9623 JUL 962 3 J U L 9 623 JUL 9623 JUL 9623 JUL 962 3 J U L 9 623 JUL 9623 JUL 96



A N A L Y T I C A L T E S T R E Q U E S T Sf o rR . A . S . I n c .

V/)uanterra
EnvironmentalService*

L a b I D :050360 G r o u pCode A n a l y s i s D e s c r i p t i o n
0001 - 0011 A I C P M e t a l s ( T o t a l )P r e p - T o t a l M e t a l s , I C P

C u s t o mT e s t ?
YN
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A n a l y t i c a l R e s u l t s
T h e a n a l y t i c a l r e s u l t s f o r t h i s p r o j e c t a r e p r e s e n t e d i n t h e f o l l o w i n g d a t a
t a b l e s . Each d a t a t a b l e i n c l u d e s s a m p l e i d e n t i f i c a t i o n i n f o r m a t i o n , a n d when
a v a i l a b l e and a p p r o p r i a t e , d a t e s s a m p l e d , r e c e iv ed , a u t h o r i z e d , pr epar ed and
a n a l y z e d . The a u t h o r i z a t i o n d a t a i s the d a t e when the p r o j e c t was d e f i n e d by
the c l i e n t such that l a b o r a t o r y work c o u l d b e g i n .
Data sh e e t s c o n t a i n a l i s t i n g o f t h e p a r a m e t e r s measured in each t e s t , t h e
a n a l y t i c a l r e s u l t s a n d t h e Quanterra r e p o r t i n g l i m i t . R e p o r t i n g l i m i t s a r e
a d j u s t e d t o r e f l e c t d i l u t i o n o f t h e s a m p l e , when a p p r o p r i a t e .
T h e r e s u l t s f r o m t h e S t a n d a r d Qaant e rra Q A / Q C P r o g r a m , w h i c h g e n e r a t e s d a t a
w h i c h a r e i n d e p e n d e n t o f m a t r i x e f f e c t s , a r e p r o v i d e d s u b s e q u e n t l y .



(^uanterra
En \ir

Services

M e t a l sT o t a l M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 3 5 ( M W - 3 )L a b I D : 050360-0001-SAM a t r i x : A Q U E O U S S a m p l e d : 2 2 J U L 9 6 R e c e i v e d : 2 3 J U L 9 6A u t h o r i z e d : 23 JUL 96 P r e p a r e d : See B e l o w A n a l y z e d : See Below

T e s t P r e p a r e d A n a l y z e dParameter Resu l t Qua! Oil RL U n i t s M e t h o d Date Date -
C a d m i u m 0.17 5.0 0.025 m g / L 6010 27 JUL 96 29 JUL 9FI r o n 338 5.0 0.50 m g / L 6010 27 JUL 96 29 JUL 91Z i n c 243 5.0 0.10 m g / L 6010 27 JUL 96 29 JUL 9b-

R e p o r t e d B y : Doug G o m e r A p p r o v e d B y : K r i s t i n a S a n c h e z



(wuanterra
Environmental

Service*

M e t a l sT o t a l M e t a l s
~ C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 3 6 ( M W - 9 )L a b I D : 050360-0002-SA__ M a t r i x : AQUEOUS S a m p l e d : 22 JUL 96 Rec e iv ed: 23 JUL 96A u t h o r i z e d : 2 3 J U L 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w

T e s t P r e p a r e d A n a l y z e d- Parame t er R e s u l t Qual Oi l RL U n i t s M e t h o d Date Date
C a d m i u m ND 1.0 0.0050 mg/L 6010 27 JUL 96 29 JUL 96I r o n 0.51 1.0 0.10 m g / L 6010 27 JUL 96 29 JUL 96- Z i n c 0.17 1.0 0.020 m g / L 6010 27 JUL 96 29 JUL 96

N D = N o t D e t e c t e d
Report ed By: Doug Corner A p p r o v e d By: K r i s t i n a S a n c h e z



4£)uanterra
Environmental

C l i e n t N a m e :C l i e n t I D :L a b I D :M a t r i x :A u t h o r i z e d :
Parameter
C a d m i u mI r o nZ i n c

R . A . S . I n c .F G 0 0 3 7 ( M W - 1 4 )050360-0003-SAA Q U E O U S23 JUL 96

R e s u l t Qua! O i l

M e t a l sT o t a l M e t a l s

S a m p l e d : 2 2 J U L 9 6P r e p a r e d : S e e B e l o w

N D15.14.6
1.01.01.0

RL U n i t s
0.0050 m g / L0.10 m g / L0.020 m g / L

R e c e i v e d : 2 3 J U L 9 6A n a l y z e d : S e e B e l o w
T e s t P r e p a r e d A n a l y z e dM e t h o d Date D a t e

6010 27 JUL 96 29 JUL 966010 27 JUL 96 29 JUL 966010 27 JUL 96 29 JUL 96

ND = Not Detec t ed
Repor t ed By: Doug Corner A p p r o v e d B y : K r i s t i n a S a n c h e z



Environmental
Services

M e t a l sT o t a l M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 3 8 ( M W - 1 6 )L a b I D : 050360-0004-SAM a t r i x : A Q U E O U S S a m p l e d : 2 2 J U L 9 6 R e c e i v e d : 2 3 J U L 9 6A u t h o r i z e d : 23 JUL 96 Prepared: See Below A n a l y z e d : See Below

T e s t P r e p a r e d A n a l y z e dParameter R e s u l t Qual O i l R L U n i t s M e t h o d Date Date
C a d m i u m 0.058 2.0 0.010 m g / L 6010 27 JUL 96 29 OUL 96I r o n 94.5 2.0 0.20 m g / L 6010 27 JUL 96 29 JUL 96Z i n c 106 2.0 0.040 m g / L 6010 27 JUL 96 29 JUL 96

- R e p o r t e d By: D o u g Corner A p p r o v e d By: K r i s t i n a S a n c h e z



EnvironmentalScr\iccs

M e t a l sT o t a l M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 3 9 ( # 3 R E L I E F W E L L )L a b I D : 050360-0005-SAM a t r i x : A Q U E O U S S a m p l e d : 2 2 J U L 9 6 R e c e i v e d : 2 3 J U L 9 6A u t h o r i z e d : 2 3 J U L 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w

T e s t P r e p a r e d A n a l y z e dParameter R e s u l t Qua! Oil RL U n i t s M e t h o d Date Date
C a d m i u m 0.53 2.0 0.010 m g / L 6010 27 JUL 96 29 JUL 9I r o n 144 2.0 0.20 m g / L 6010 27 JUL 96 29 JUL 9Z i n c 199 2.0 0.040 m g / L 6010 27 JUL 96 29 JUL 9

R e p o r t e d B y : Doug Gomer A p p r o v e d B y : K r i s t i n a S a n c h e z



[r))uanterra
Environmental

Seniors

M e t a l sT o t a l M e t a l s
~ C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 4 0 ( R F - 3 )L a b I D : 050360-0006-SAM a t r i x : A Q U E O U S S a m p l e d : 2 2 J U L 9 6 R e c e i v e d : 2 3 J U L 9 6A u t h o r i z e d : 2 3 J U L 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w

T e s t P r e p a r e d A n a l y z e d- Parameter R e s u l t Qual Oi l RL U n i t s M e t h o d Date D a t e
C a d m i u m 13.6 50 0.25 m g / L 6010 27 JUL 96 29 JUL 96I r o n 3940 50 5.0 m g / L 6010 27 JUL 96 29 JUL 96- Z i n c 3260 50 1.0 m g / L 6010 27 JUL 96 29 JUL 96

R e p o r t e d B y : Doug Gomer A p p r o v e d B y : K r i s t i n a S a n c h e z

12



^uanterra
Environmental

Services

M e t a l sT o t a l M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F 6 0 0 4 1 ( K D S )L a b I D : 050360-0007-SAM a t r i x : A Q U E O U S S a m p l e d : 2 2 J U L 9 6 R e c e i v e d : 2 3 J U L 9 6A u t h o r i z e d : 23 JUL 96 P r e p a r e d : See Below A n a l y z e d : See Below

T e s t P r e p a r e d A n a l y z e dParameter Resu l t Qua! Oil RL U n i t s M e t h o d Date Date
C a d m i u m ND 1.0 0.0050 mg/L 6010 27 JUL 96 29 JUL 96 ,I r o n 2.8 1.0 0.10 m g / L 6010 27 JUL 96 29 JUL 96Z i n c 6 .1 1 .0 0.020 m g / L 6010 27 JUL 96 29 JUL 96-

N D = N o t D e t e c t e d
R e p o r t e d B y : D o u g Gomer A p p r o v e d B y : K r i s t i n a S a n c h e z



C l i e n t N a m e :C l i e n t I D :L a b I D :M a t r i x :A u t h o r i z e d :
_ Paramet er

C a d m i u mI r o n- Z i n c

Einironmcn ra /
Services

R . A . S . I n c .F G 0 0 4 2 ( F C ( s > C B )050360-0008-SAA Q U E O U S23 JUL 96

R e s u l t Qua! Oil

M e t a l sT o t a l M e t a l s

S a m p l e d : 2 2 J U L 9 6P r e p a r e d : S e e B e l o w

N DN D0.025

RL U n i t s
1.0 0.0050 m g / L1.0 0.10 m g / L1.0 0.020 m g / L

T e s tM e t h o d
601060106010

R e c e i v e d : 23 JUL 96A n a l y z e d : S e e B e l o w
Prepared A n a l y z e dDate D a t e
27 JUL 96 29 JUL 9627 JUL 96 29 JUL 9627 JUL 96 29 JUL 96

N D = N o t D e t e c t e d
R e p o r t e d By: D o u g Corner A p p r o v e d B y : K r i s t i n a S a n c h e z



Environmental
Services

M e t a l sT o t a l M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 4 3 ( 6 C )L a b I D : 050360-0009-SAM a t r i x : A Q U E O U S S a m p l e d : 2 2 J U L 9 6 R e c e i v e d : 2 3 J U L 9 6A u t h o r i z e d : 2 3 J U L 9 6 P r e p a r e d : S e e Below A n a l y z e d : S e e B e l o w

T e s t P r e p a r e d A n a l y z e dParamet er R e s u l t Qua! O i l R L U n i t s M e t h o d Date Date
C a d m i u m 0.34 5.0 0.025 m g / L 6010 27 JUL 96 29 JUL 96I r o n 334 5.0 0.50 m g / L 6010 27 JUL 96 29 JUL 96Z i n c 285 5.0 0.10 m g / L 6010 27 JUL 96 29 JUL 96

R e p o r t e d B y : Doug G o m e r A p p r o v e d B y : K r i s t i n a S a n c h e z



C l i e n t N a m e :C l i e n t I D :L a b I D :M a t r i x :A u t h o r i z e d :
Parameter
C a d m i u r nI r o nZ i n c

(P)uanterra
£n\ironniciitaiService*

R . A . S . I n c .F G 0 0 4 4 ( F G - 7 )050360-0010-SAA Q U E O U S23 JUL 96

R e s u l t Qua! D i l

M e t a l sT o t a l M e t a l s

S a m p l e d : 2 2 J U L 9 6P r e p a r e d : S e e B e l o w
RL U n i t s

0.00730.274.2
1.01.01.0

0.0050 m g / L0.10 m g / L0.020 m g / L

Rece ived: 23 JUL 96A n a l y z e d : S e e B e l o w
T e s t P r e p a r e d A n a l y z e dM e t h o d Date Date

6010 27 JUL 96 29 JUL 966010 27 JUL 96 29 JUL 966010 27 JUL 96 29 JUL 96

— R e p o r t e d By: Doug Gomer A p p r o v e d B y : K r i s t i n a S a n c h e z



(wuanterra
H m i r o n m e n f j V

Service*

M e t a l sT o t a l M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 4 5 ( F G - 8 )L a b I D : 050360-0011-SAM a t r i x : A Q U E O U S S a m p l e d : 2 2 J U L 9 6 R e c e i v e d : 2 3 J U L 9 6A u t h o r i z e d : 2 3 O U L 9 6 P r e p a r e d : S e e B e l o w A n a l y z e d : S e e B e l o w

T e s t P r e p a r e d A n a l y z e dParamet er R e s u l t Qua! O i l R L U n i t s M e t h o d Date D a t e
C a d m i u m N D 1 . 0 0.0050 m g / L 6010 2 7 J U L 9 6 2 9 J U L 9 f -I r o n 0.13 1.0 0.10 m g / L 6010 27 JUL 96 29 JUL 9fZ i n c 0.59 1.0 0.020 m g / L 6010 27 JUL 96 29 JUL 9*-

N D = N o t D e t e c t e d
R e p o r t e d B y : Doug Gomer A p p r o v e d B y : K r i s t i n a S a n c h e z



')uanterra

Q C L O T A S S I G N M E N T R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n
L a b o r a t o r yS a m p l e N u m b e r
050360-0001-SA050360-0002-SA050360-0003-SA050360-0004-SA050360-0005-SA050360-0006-SA050360-0007-SA050360-0008-SA050360-0009-SA050360-0010-SA050360-0011-SA

QC M a t r i x
A Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U SA Q U E O U S

QC C a t e g o r y
I C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A T

QC Lot N u m b e r( D C S )
27 JUL 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A127 JUL 96-A1

QC Run N u m b e r( S C S / B L A N K )
2 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A12 7 J U L 96-A127 JUL 96-A1

18



EmironrrKn tal

L A B O R A T O R Y C O N T R O L S A M P L E R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n
A n a l y t e
C a t e g o r y : I C P - A TM a t r i x : A Q U E O U SQC L o t : 27 JUL 96-A1 QC Run:C o n c e n t r a t i o n U n i t s : m g / L
A l u m i n u mA n t i m o n yA r s e n i cBariumB e r y l 1 i urnBoronC a d m i urnC a l c i u mC h r o m i u mC o b a l tC o p p e rI r o nLeadL i t h i u mM a g n e s i u mM a n g a n e s eM o l y b d e n u mN i c k e lP o t a s s i u mS e l e n i u mS i l v e rS o d i u mT i nT i t a n i u mV a n a d i u mZ i n c

C o n c e n t r a t i o nS p i k e d M e a s u r e d

2 7 J U L 96-A1
2.000.5002.002.000.05001.000.050050.00.2000.5000.2501.000.5001.0050.00.5001.000.50050.02.000.050050.02.001.000.5000.500

2.000.4701.761.910.04851.040.043748.50.1820.4730.2420.9580.4800.86648.70.4780.9470.45947.71.890.045950.81.890.9970.4800.442

A c c u r a c y ( % )L C S L i m i t s

10094889597104879791959796968797969592959592102941009688

80-11680-11580-11580-11480-12080-12080-11980-11480-11680-11480-12080-12080-11980-12081-12080-11680-12080-11480-12080-12080-11980-12080-12080-12080-11680-120

C a l c u l a t i o n s a r e p e r f o r m e d b e f o r e r o u n d i n g t o a v o i d r o u n d - o f f errors i n c a l c u l a t e d r e s u l t s



[wuanterra
Environmental

Service*

M E T H O D B L A N K R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o n
R e p o r t i n gA n a l y t e R e s u l t U n i t s L i m i t

T e s t : I C P - A TM a t r i x : A Q U E O U SQC L o t : 27 JUL 96-A1 QC Run: 27 JUL 96-A1
C a d m i u m N D m g / L 0.0050I r o n N D m g / L 0.10Z i n c N D m g / L 0.020



[fiuanterra
EnvironmentalService*

M A T R I X S P I K E / M A T R I X S P I K E D U P L I C A T E Q C R E P O R TM e t a l s A n a l y s i s a n d P r e p a r a t i o nP r o j e c t : 050360
C a t e g o r y :M a t r i x :S a m p l e :MS Run:U n i t s :

I C P - A TA Q U E O U S050360-00012 7 J U L 96-A1m g / L

I C P M e t a l s / T o t a l

A n a l y t e
A l u m i n u mA n t i m o n yA r s e n i cBariumBeryl 1 i urnBoronC a d m i urnC a l c i u mC h r o m i u mC o b a l tC o p p e rI r o nLeadL i t h i u mM a g n e s i u mM a n g a n e s eM o l y b d e n u mN i c k e lP o t a s s i u mS e l e n i u mS i l v e rS o d i u mT h a l l i u mT i nT i t a n i u mV a n a d i u mZ i n c

C o n c e n t r a t i o n
Sampl eR e s u l t

N DN DN A0.0130.0029N A0.17430N A0.11N D340N AN A16076N A0.18N DN AN D9.9N AN AN AN D240

MSR e s u l t
2.10.49N A2.10.053N A0.22480N A0.630.25340N AN A21077N A0.6954N A0.04662N AN AN A0.52240

M S DR e s u l t
0
0
0

00

0
0

0

2.0.46N A2.0.053N A.22470N A.61.24330N AN A20075N A.6952N A.04060N AN AN A.51240

Amount % Recov.S p i k e d Recovery A c c e p . R P DMS
2.00.502.02.00.0501.00.050500.200.500.251.00.501.0500.500.500.50500.500.050502.02.01.00.500.50

M S D
2.00.502.02.00.0501.00.050500.200.500.251.00.501.0500.500.500.50500.500.050502.02.01.00.500.50

RPDA c c e p t rM S M S D L i m i t s M S - M S D L i m i t s
10399N C102100N C106N CN C103100N CN CN C106N CN C102108N C93105N CN CN C103N C

9993N C99100N C105N CN C9995N CN CN C94N CN C102105N C79101N CN CN C101N C

80-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-12080-120

46030002035200330030
300022

.4.3.0.3.0.0.1.5.0.0.7.9.0.0.0.1.0.0.1.015.0.0.0.0.0.4

212(T202(2i20202i2L202n22b-202f22̂202"220-202220~202

N A = N o t A p p l i c a b l eN C = N o t C a l c u l a t e d , c a l c u l a t i o n n o t a p p l i c a b l e .N D = N o t D e t e c t e d
C a l c u l a t i o n s a r e p e r f o r m e d b e f o r e r o u n d i n g t o avo id r o u n d - o f f errors i n c a l c u l a t e d r e s u l t s .



Chain of CustodyRecord EnvironmentalServices
Client Project Manager

idlab Numb

Chain Ol Custody Number7 5 6 5 8
Address Telephone Number (Area Co<te)/Fax Number tab Number

Page I_o,_LCity. Slate Zip Code

Project Name

Lab Contact

Carrier/Waybill Number

Contract/Purchase Order/Quote No.

Sample I.D. No. and Description
(Containers tor each samplynay be combined go one line) Date Time

Matrix

1
Containers &Preservatives

0

Analysis (Attach list ifmore space is needed)

Special Instructions/Conditions of Receipt

"7-22-fjl,
)L

11 £y £( 1
M 07
U i/ I £ -II

Possible Hazard Identification
^on-Hazard CD Flammable LJ Sk(n frrilanf CD Pof eon S CD Unknown

Sarfiple Disposal f
LJ Return To Client LJ Disposal By Lab Lj Archive For (A fee may be assessed If samples are retainedMonths longer than 3 months)

"turn Around Time Required -^
LJ 24 Hours D 48 Hours CD 7 Days CA<4 Days CD 21 Days L J O f h s r

QC Requirements (Specify)

1. Received By T / m o

ished 6/y. Relinquished 6 Time Date

3. Relinquished By Date Time 3. Received By Date Time

Commenls

DISTRIBUTION: WHITE - Stays with the Stimple; CANARY • Roliimedio Client with Report; PINK Field Copy



Quanterra
Environmental
ServicesQuanterra Incorporated4955 Yarrow StreetArvada, Colorado 80002

303 421-6611 Telephone•303431-7171 Fax

M a r c h 27, 1997

M r . A r t H o r r i s s e yR . A . S . , I n c .311 Rock A v e n u eG o l d e n , CO 80401
Dear Mr. M o r r i s s e y :
E n c l o s e d i s t h e r e p o r t f o r t w e n t y - t w o aqueous s a m p l e s r e c e i v e d a t Q u a n t e r r aE n v i r o n m e n t a l S e r v i c e s , Denver l a b o r a t o r y on M a r c h 14, 1997.
I n c l u d e d w i t h t h e r e p o r t i s a q u a l i t y c o n t r o l summary.
P l e a s e c a l l i f y o u have a n y q u e s t i o n s .
S i n c e r e l y ,

S u s a n H . M c C o o lP r o j e c t M a n a g e r
E n c l o s u r e s
Quanterra #054191



Ofiat i f erra
En\ironmentalServices

A N A L Y T I C A L R E S U L T S
F O R

R . A . S . , I n c .
F R E N C H G U L C H W A T E R S H E A D S T U D Y

Q U A N T E R R A E N V I R O N M E N T A L S E R V I C E S
D E N V E R N O . 054191

MARCH 27, 1997

Reviewed by: S u s a n H . M c C o o l



f^uanferra
£ n n ' r o n n i e n f a /

Services

T a b l e Of Content s
Standard Deliverable

Report Contents

• Tabl e of Contents

• Narrative

• LIMs Report Key

• Sampl e Description

• Test Requests

• Analytical Results

• QC Summary

• Chain-of-Custody

• Miscellaneous

T o t a l Number of Pages



ffiuanterra
EmironmentalServices

I n t r o d u c t i o n
T h i s r epor t p r e s e n t s t h e a n a l y t i c a l r e s u l t s a s w e l l a s s u p p o r t i n g i n f o r m a t i o n
to aid in the e v a l u a t i o n and i n t e r p r e t a t i o n of the d a t a and is arranged in the
f o l l o w i n g order:

o S a m p l e D e s c r i p t i o n I n f o r m a t i o n
o A n a l y t i c a l T e s t R e q u e s t s
o A n a l y t i c a l R e s u l t s

All analyse s at Quanterra are p e r f o r m e d so that the maximum c o n c e n t r a t i o n of
s a m p l e c o n s i s t e n t w i t h t h e method i s a n a l y z e d . D i l u t i o n s ar e a t t i m e s
required to avoid s a t u r a t i o n of the d e t e c t o r , to achieve l i n e a r i t y for a
s p e c i f i c t a rg e t c o m p o u n d , o r t o reduce m a t r i x i n t e r f e r e n c e s . I n t h i s e v e n t ,
r e p o r t i n g l i m i t s a r e a d j u s t e d p r o p o r t i o n a t e l y .
S a m p l e s 054191-0003, -0004, -0006, -0007, -0009, -0010, and -0022 were
analyzed at d i l u t i o n s by M e t h o d 6010 due to the e l e v a t e d c o n c e n t a t i o n s of z inc
i n t h e s a m p l e s . T h e r e p o r t i n g l i m i t s were r a i s e d r e l a t i v e t o t h e d i l u t i o n s
required.



(jvuanterra
Environmental

Services
L I M s Report Key

Section
Cover Letter
S a m p l e Description I n f o r m a t i o n

S a m p l e Analysi s Results Shee t s
QC LOT Assignment Report

Duplicate Control S a m p l e Report

Laboratory Control S a m p l e Report

Matrix S p i k e / M a t r i x S p i k e Duplicate Report

S i n g l e Control S a m p l e Report
Method Blank Report

Description
Signature page, report narrative as a p p l i c a b l e .
Tabulated cross-reference between the Lab ID and
Client ID. inc luding matrix, date and time sampl ed ,
and the date received for all samples in the pro j e c t .
Lists sample results, test components, reporting
l imits , dates prepared and analyzed, and any data
qualif iers. Pages are organized by test
Cross-reference between lab IDs and a p p l i c a b l e QC
batches ( D C S , L C S , Blank, M S / S D , D U )
Percent recovery and RPD results, with acceptance
l imits , for the laboratory dupl i ca t e control sampl e s
for each test are tabulated in this report. T h e s e are
measures of accuracy and precision for each test.
Acceptance l imit s are based upon laboratory
historical data.
Percent recovery results for a s i n g l e Laboratory
Control S a m p l e (if a p p l i c a b l e ) are tabulated in th i s
report, with the a p p l i c a b l e acceptance l i m i t s tor
each test
Percent recovery and RPD results for matrix-
s p e c i f i c QC sample s and acceptance l i m i t s , where
app l i cab l e . T h i s report can be used to assess matrix
e f f e c t s on an analysis.
A tabula t ion of the surrogate recoveries for the
blank for organic analyses.
A summary of the results of the analysis of the
method blank for each test.

List of Abbreviat ions and Terms
Abbreviation

DCS
DU
EB
FB
F D
IDL
L C S
MB
MDL
MS
RPD
ppm (part-per-
mil l i on)
QUAL

Term
Duplicate Control S a m p l e
Sample Duplicate
Equipment Blank
Field Blank
F i e l d Duplicate
Instrument Detection Limit
(Metals)
Laboratory Control S a m p l e
Method Blank
Method Detection Limit
Matrix S p i k e
Relative Percent Di f f e r enc e
mg/L or mg/kg (usual ly)
Qualif ier f l a g

Abbreviation
M S D
QCRun
QC Category
Q C L o t
N D
QC Matrix
RLQC
SA
S D
TB
p p b (part-per-
b i l l i o n )
D I L

Term
Matrix S p i k e D u p l i c a t e
Preparation Batch
LIMs QC Category
DCS Batch
Not Detected at or above the
reporting limit expressed
Matrix of the laboratory
control sample(s)
Reporting Limit
Quality Control
S a m p l e
S p i k e D u p l i c a t e
Trip Blank
u g / L or u g / k g ( u s u a l l y )
Dilution Factor

N:WQRD(!l£fKEfJ)OC



O^uanterra
Environmental

Services

S a m p l e D e s c r i p t i o n
T h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n l i s t s a l l o f t h e s a m p l e s r e c e ived i n t h i s
p r o j e c t t o g e t h e r w i t h t h e i n t e r n a l l a b o r a t o r y i d e n t i f i c a t i o n number a s s i g n e d
f o r each s a m p l e . Each p r o j e c t r e c e ived a t Q u a n t e r r a ' s Denver l a b o r a t o r y i s
a s s i g n e d a u n i q u e s i x d i g i t number. S a m p l e s w i t h i n t h e p r o j e c t a r e numbered
s e q u e n t i a l l y . T h e l a b o r a t o r y i d e n t i f i c a t i o n number i s a c o m b i n a t i o n o f t h e
s i x d i g i t p r o j e c t code a n d t h e s a m p l e s equence number.
A l s o g i v e n i n t h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n i s t h e S a m p l e T y p e ( m a t r i x ) ,
Date o f S a m p l i n g ( i f known) a n d Date o f R e c e i p t a t t h e l a b o r a t o r y .
A n a l y t i c a l T e s t Requests
The A n a l y t i c a l T e s t Reque s t s l i s t s t h e a n a l y s e s tha t were p e r f o r m e d on each
s a m p l e . T h e C u s t o m T e s t c o l u m n i n d i c a t e s where t e s t s have been m o d i f i e d t o
c o n f o r m t o t h e s p e c i f i c r e q u i r e m e n t s o f t h i s p r o j e c t .



ffiuanterra
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S A M P L E D E S C R I P T I O N I N F O R M A T I O Nf o rR . A . S . I n c .

Lab ID C l i e n t I D
054191-0001-SA054191-0002-SA054191-0003-SA054191-0004-SA054191-0005-SA054191-0006-SA054191-0007-SA054191-0008-SA054191-0009-SA054191-0010-SA054191-0011-SA054191-0012-SA054191-0013-SA054191-0014-SA054191-0015-SA054191- 0016-SA054191-0017-SA054191-0018-SA054191 -0019-SA054191- 0020 -SA054191- 0021 -SA054191-0022-SA

F G 0 0 5 5 ( M W - 1 4 )F60056 ( M W - 9 )F60057 ( M S R W - 3 )F60058 ( M W - 1 6 )F60059 ( M W - 2 )F60060 ( M W - 3 )F60061FG0062 ( M W - 1 1 )FG0063 ( M W - 1 3 )FG0064 ( F G - 6 C )FG0065 ( K D S )FG0066 ( F C E C B )FG0067 ( F G - 7 )FG0068 ( F G - 8 )FG0069 ( H W - 1 2 )F G 0 0 7 0 ( F G - 1 )FG0073 ( F G - 9 )FG0074 ( F G - 1 5 )FG0075 (1121)FG0076 ( F G - 6 D )FG0077 ( T S - 4 )FG0078 ( S B R F - 3 )

Matrix
AQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSA Q U E O U SA Q U E O U SAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUS

S a m p l e d ReceivedDate T i m e Date
12 MAR 9712 MAR 9712 MAR 9712 MAR 9712 MAR 9712 MAR 9712 MAR 9712 MAR 9712 MAR 9713 MAR 9713 MAR 9713 MAR 9713 MAR 9713 MAR 9713 MAR 9713 MAR 9713 MAR 9713 MAR 9713 MAR 9713 MAR 9713 MAR 9713 MAR 97

12:4513:3015:0515:3016:0016:3016:3016:5017:3513:4509:1514:1011:0511:2510:0015:4510:3514:4512:2513:1012:5016:40

14 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 9714 MAR 97



OPuanterra
En\ironmentalServices

A N A L Y T I C A L T E S T R E Q U E S T Sf o rR . A . S . I n c .
Page 1 of 1

L a b I D :054191 GroupCode A n a l y s i s D e s c r i p t i o n
0001 - 0022 I C P M e t a l s ( T o t a l )Prep - T o t a l M e t a l s , I C P

CustomT e s t ?
YN



Quanterra
Emironmental

Services

A n a l y t i c a l R e s u l t s
T h e a n a l y t i c a l r e s u l t s f o r t h i s p r o j e c t a r e p r e s e n t e d i n t h e f o l l o w i n g d a t a
t a b l e s . Each d a t a t a b l e i n c l u d e s s a m p l e i d e n t i f i c a t i o n i n f o r m a t i o n , a n d when
a v a i l a b l e a n d a p p r o p r i a t e , d a t e s s a m p l e d , r e c e i v e d , a u t h o r i z e d , p r e p a r e d a n d
a n a l y z e d . T h e a u t h o r i z a t i o n d a t e i s t h e d a t e when t h e p r o j e c t w a s d e f i n e d b y
t h e c l i e n t such t h a t l a b o r a t o r y work c o u l d b e g i n .
D a t a s h e e t s c o n t a i n a l i s t i n g o f t h e p a r a m e t e r s measured i n each t e s t , t h e
a n a l y t i c a l r e s u l t s a n d t h e Quanterra r e p o r t i n g l i m i t . R e p o r t i n g l i m i t s a r e
a d j u s t e d t o r e f l e c t d i l u t i o n o f t h e s a m p l e , when a p p r o p r i a t e .
T h e r e s u l t s f r o m t h e S t a n d a r d Q u a n t e r r a Q A / Q C P r o g r a m , w h i c h g e n e r a t e s d a t a
w h i c h a r e i n d e p e n d e n t o f m a t r i x e f f e c t s , a r e p r o v i d e d s u b s e q u e n t l y .



C l i e n t N a m e :C l i e n t I D :Lab ID:M a t r i x :Authorized:
Parameter
CadmiumI r o nZ i n c

R . A . S . I n c .F G 0 0 5 5 ( M W - 1 4 )054191-0001-SAAQUEOUS15 MAR 97

0))uanterra
M e t a l sT o t a l M e t a l s

S a m p l e d : 12 MAR 97Prepared: See Below

Environmental
Services

Result Qua! Dil
0.005912.41.9

1.01.01.0

RL U n i t s
0.0050 mg/L0.10 m g / L0.020 mg/L

Received: 14 MAR 97A n a l y z e d : See Below
Test Prepared AnalyzedMethod Date Date

6010 18 MAR 97 19 MAR 976010 18 MAR 97 19 MAR 976010 18 MAR 97 19 MAR 97

Reported By: Doug Gomer Approved By: Richard Per s i ch i t t e



ffiuanterra

C l i e n t N a m e :C l i e n t I D :L a b I D :M a t r i x :Author iz ed:
Parameter
CadmiumI r o nZ i n c

R . A . S . I n c .F60056 ( M W - 9 )054191-0002-SAAQUEOUS15 MAR 97
Result Qua! Oil

M e t a l sT o t a l M e t a l s

S a m p l e d : 12 MAR 97Prepared: See Below

En\ironmentalSen-ices

RL U n i t s
0.0081 1.0 0.0050 m g / L0.36 1.0 0.10 m g / L0.085 1.0 0.020 m g / L

Received: 14 MAR 97A n a l y z e d : See Below
Test Prepared AnalyzedMethod Date Date

6010 18 MAR 97 19 MAR 976010 18 MAR 97 19 MAR 976010 18 MAR 97 19 MAR 97

Reported By: Doug Gomer A p p r o v e d By: Richard P e r s i c h i t t e



C l i e n t Name:C l i e n t I D :L a b I D :M a t r i x :Authorized:
Parameter
CadmiumIronZ i n c

R . A . S . I n c .FG0057 ( M S R W - 3 )054191-0003-SAAQUEOUS15 MAR 97
Result Qua! Oil

M e t a l sT o t a l M e t a l s

S a m p l e d : 12 MAR 97Prepared: See Below

(r))uanterra
EnvironmentalServices

0.19155170

RL U n i t s
2.0 0.010 mg/L2.0 0.20 mg/L2.0 0.040 mg/L

Received: 14 MAR 97Analyzed: See Below
T e s t Prepared AnalyzedMethod Date Date

6010 18 MAR 97 19 MAR 976010 18 MAR 97 19 MAR 976010 18 MAR 97 19 MAR.97

Reported By: Doug Gomer Approved By: Richard Pers i chi t t e

10



i'/uanterra
EnvironmentalServicesT o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 5 8 ( H W - 1 6 )Lab ID: 054191- 0004 -SAM a t r i x : AQUEOUS S a m p l e d : 12 MAR 97 Received: 14 MAR 97Authorized: 15 MAR 97 Prepared: See Below A n a l y z e d : See Below
Test Prepared AnalyzedParameter Resul t Qua! Oil RL U n i t s Method Date Date

Cadmium 0.13 2.0 0.010 m g / L 6010 18 MAR 97 19 MAR 97I r o n 127 2.0 0.20 m g / L 6010 18 MAR 97 19 MAR 97Z i n c 140 2.0 0.040 m g / L 6010 18 MAR 97 19 MAR 97

Reported By: Doug Corner Approved By: Richard Per s i ch i t t e



wuanterra
M e t a l sT o t a l M e t a l s

EnvironmentalS c " ' / c e s

C l i e n t Name:C l i e n t I D :si,
Para-Kter
Iron
fcr I * I V

R . A . S . I n c .F G 0 0 5 9 ( M W - 2 )IS
Result Qual Oil,•.012 i.oU3 1;»

RL U n i t s TestMethod
%&1010

Prepared AnalyzedDate Date
S SS S S18 MAR 97 19 HAR 97

Reported By: Doug Gon,er Approved By: Richard P e r s i c h i t t e



(j^uanterra
Environmental

Metal S ServicesT o t a l M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 6 0 ( M W - 3 )Lab ID: 054191-0006-SAM a t r i x : AQUEOUS S a m p l e d : 12 MAR 97 Received: 14 MAR 97A u t h o r i z e d : 15 MAR 97 Prepared: See Below A n a l y z e d : See Below

Test Prepared AnalyzedParameter Result Qual Oil RL U n i t s Method Date Date
Cadmium 0.16 2.0 0.010 mg/L 6010 18 MAR 97 19 MAR 97I r o n 221 2.0 0.20 mg/L 6010 18 MAR 97 19 MAR 97Z i n c 178 2.0 0.040 mg/L 6010 18 MAR 97 19 MAR 97

Reported By: Doug Gomer A p p r o v e d By: Richard P e r s i c h i t t e



O^uanterra
Environmental

M e t a l S Sen-icesT o t a l M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 6 1L a b I D : 054191-0007-SAM a t r i x : AQUEOUS S a m p l e d : 12 MAR 97 Received: 14 MAR 97Author iz ed: 15 MAR 97 Prepared: See Below A n a l y z e d : See Below

Tes t Prepared A n a l y z e dParameter Result Qua! Oil RL U n i t s Method Date Date
Cadmium 0.19 2.0 0.010 mg/L 6010 18 MAR 97 19 MAR 97Iron 236 2.0 0.20 m g / L 6010 18 MAR 97 19 MAR 97Z i n c 189 2.0 0.040 mg/L 6010 18 MAR 97 19 MAR 97

Reported By: Doug Corner Approved By: Richard Per s i ch i t t e



C l i e n t N a m e :C l i e n t I D :L a b I D :M a t r i x :A u t h o r i z e d :
Parameter
CadmiumI r o nZ i n c

R . A . S . I n c .F G 0 0 6 2 ( M W - 1 1 )054191-0008-SAAQUEOUS15 MAR 97

M e t a l sT o t a l M e t a l s

S a m p l e d : 12 MAR 97Prepared: See Below

ffiuanterra
Environmental

Services

Result Qua! Oil
0.047N D3.9

1.01.01.0

RL U n i t s
0.0050 mg/L0.10 mg/L0.020 mg/L

Received: 14 MAR 97A n a l y z e d : See Below
T e s t Prepared Analyz edMethod Date Date

6010 18 MAR 97 19 MAR 976010 18 MAR 97 19 MAR 976010 18 MAR 97 19 MAR 97

ND = Not Detected
Reported By: Doug Gomer Approved By: Richard P e r s i c h i t t e



(r))uanterra
Environmental

Metal S Sen-icesTotal M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : FG0063 ( M W - 1 3 )Lab ID: 054191-0009-SAM a t r i x : AQUEOUS S a m p l e d : 12 MAR 97 Received: 14 MAR 97Authorized: 15 MAR 97 Prepared: See Below A n a l y z e d : See Below

Tes t Prepared AnalyzedParameter Result Qua! Oil RL U n i t s Method Date Date
Cadmium 5.6 20 0.10 mg/L 6010 18 MAR 97 19 MAR 97Iron 11.9 20 2.0 mg/L 6010 18 MAR 97 19 MAR 97Z i n c 1550 20 0.40 mg/L 6010 18 MAR 97 19 MAR 97

Reported By: Doug Gomer Approved By: Richard Pers i ch i t t e

16



£nrironmenfa/
M e t a l S ServicesT o t a l M e t a l s

C l i e n t Name: R . A . S . I n c .C l i e n t I D : F G 0 0 6 4 ( F G - 6 C )L a b I D : 054191-0010-SAM a t r i x : AQUEOUS S a m p l e d : 13 MAR 97 Received: 14 MAR 97A u t h o r i z e d : 15 MAR 97 Prepared: See Below A n a l y z e d : See Below
Tes t Prepared A n a l y z e dParameter Result Qua! Oil RL U n i t s Method Date Date

Cadmium 0.14 2.0 0.010 m g / L 6010 18 MAR 97 19 MAR 97I r o n 197 2.0 0.20 m g / L 6010 18 MAR 97 19 MAR 97Z i n c 164 2.0 0.040 m g / L 6010 18 MAR 97 19 MAR 97

Reported By: Doug Gomer A p p r o v e d By: Richard P e r s i c h i t t e



(puanterra
EnvironmentalH e t a l s sen-icesTota l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : FG0065 ( K D S )Lab ID: 054191-0011-SAM a t r i x : AQUEOUS S a m p l e d : 13 MAR 97 Received: 14 MAR 97Author iz ed: 15 MAR 97 Prepared: See Below A n a l y z e d : See Below
Test Prepared AnalyzedParameter Result Qua! Oil RL U n i t s Method Date Date

Cadmium 0.0051 1.0 0.0050 m g / L 6010 18 MAR 97 19 MAR 97Iron 1.5 1.0 0.10 m g / L 6010 18 MAR 97 19 MAR 97Zinc 3.2 1.0 0.020 m g / L 6010 18 MAR 97 19 MAR 97

Reported By: Doug Gomer Approved By: Richard P e r s i c h i t t e

18



(jvuanterra
EnvironmentalMetal s ServicesT o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .; C l i e n t I D : FG0066 ( F C E C B )L a b I D : 054191-0012-SAM a t r i x : AQUEOUS S a m p l e d : 13 MAR 97 Received: 14 MAR 97A u t h o r i z e d : 15 MAR 97 Prepared: See Below A n a l y z e d : See Below
Tes t Prepared AnalyzedParameter Resul t Qua! Oil RL U n i t s M e t h o d Date Date

C a d m i u m 0.0073 1.0 0.0050 mg/L 6010 18 MAR 97 19 MAR 97I r o n ND 1.0 0.10 m g / L 6010 18 MAR 97 19 MAR 97Z i n c 0.021 1.0 0.020 mg/L 6010 18 MAR 97 19 MAR 97

ND = Not Detected
Reported By: Doug Gomer A p p r o v e d By: Richard P e r s i c h i t t e



s)uanterra
EnvironmentalSen-icesT o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : FG0067 ( F G - 7 )-Lab ID: 054191-0013-SAMatrix: AQUEOUS S a m p l e d : 13 MAR 97 Received: 14 MAR 97Author iz ed: 15 MAR 97 Prepared: See Below A n a l y z e d : See Below
Test Prepared A n a l y z e dParameter Result Qua! Oil RL U n i t s Method Date Date

Cadmium 0.026 1.0 0.0050 mg/L 6010 18 MAR 97 19 MAR 97Iron 2.9 1.0 0.10 mg/L 6010 18 MAR 97 19 MAR 97Z i n c 15.9 1.0 0.020 mg/L 6010 18 MAR 97 19 MAR 97

Reported By: Doug Gomer Approved By: Richard Pers i ch i t t e

20



)uanterra
Environmental

ServicesT o t a l M e t a l s
C l i e n t K a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 6 8 ( F G - 8 )Lab ID: 054191-0014-SA .M a t r i x : AQUEOUS S a m p l e d : 13 MAR 97 Received: 14 MAR 97Author ized: 15 MAR 97 Prepar ed: See Below A n a l y z e d : See Below

Test Prepared AnalyzedParameter Resul t Qua! Oil RL U n i t s M e t h o d Date Date
Cadmium ND 1.0 0.0050 m g / L 6010 18 MAR 97 19 MAR 97Iron ND 1.0 0.10 m g / L 6010 18 MAR 97 19 MAR 97Z i n c 0.55 1.0 0.020 m g / L 6010 18 MAR 97 19 MAR 97

ND = Not Detected
Reported By: Doug Gomer Approved By: Richard P e r s i c h i t t e



C l i e n t Name:C l i e n t I D :Lab ID:M a t r i x :Author i z ed:
Parameter

.CadmiumIronZinc

(^uanterra

R . A . S . Inc.F G 0 0 6 9 ( M W - 1 2 )054191-0015-SAAQUEOUS15 MAR 97

Result Qua! Oil

M e t a l sT o t a l M e t a l s

S a m p l e d : 13 MAR 97Prepared: See Below

Environmental
Services

RL U n i t s
0.0052 1.0 0.0050 m g / L0.46 1.0 0.10 m g / L0.14 1.0 0.020 m g / L

Received: 14 MAR 97A n a l y z e d : See Below
Test Prepared AnalyzedMethod Date Date

6010 18 MAR 97 20 MAR 976010 18 MAR 97 20 MAR 976010 18 MAR 97 20 MAR 97

Reported By: Patr i ck Carrol1 Approved By: Richard Pers i chi t t e

22



(wuanterra
Environmental

Metal S ServicesT o t a l M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : FG0070 ( F G - 1 )Lab ID: 054191-0016-SAM a t r i x : AQUEOUS S a m p l e d : 13 MAR 97 Received: 14 MAR 97A u t h o r i z e d : 15 MAR 97 Prepared: See Below A n a l y z e d : See Below

T e s t Prepared AnalyzedParameter Resul t Qua! Oil RL U n i t s Method Date Date
C a d m i u m NO 1.0 0.0050 mg/L 6010 18 MAR 97 20 MAR 97Iron 0.24 1.0 0.10 m g / L 6010 18 MAR 97 20 MAR 97Z i n c 0.034 1.0 0.020 mg/L 6010 18 MAR 97 20 MAR 97

ND = Not Detected
Reported By: P a t r i c k Carro l ! A p p r o v e d By: Richard P e r s i c h i t t e



€wuanterra
EnvironmentalMetal s scn-iccsT o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : FG0073 ( F G - 9 )Lab ID: 054191-0017-SAM a t r i x : AQUEOUS S a m p l e d : 13 MAR 97 Received: 14 MAR 97A u t h o r i z e d : 15 MAR 97 Prepared: See Below Analyzed: See Below
Test Prepared AnalyzedParameter Result Qua! Oil RL U n i t s M e t h o d Date Date

Cadmium 0.011 1.0 0.0050 m g / L 6010 18 MAR 97 20 MAR 97Iron 0.92 1.0 0.10 m g / L 6010 18 MAR 97 20 MAR 97Z i n c 4.8 1.0 0.020 m g / L 6010 18 MAR 97 20 MAR 97

Reported By: P a t r i c k C a r r o l 1 Approved By: Richard P e r s i c h i t t e

24



OPuanterra
EnvironmentalMetal s slicesT o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : FG0074 ( F G - 1 5 )Lab ID: 054191-0018-SAM a t r i x : AQUEOUS S a m p l e d : 13 MAR 97 Received: 14 MAR 97A u t h o r i z e d : 15 MAR 97 Prepared: See Below A n a l y z e d : See Below
T e s t Prepared A n a l y z e dParameter Resul t 'Qua! Oi l RL U n i t s Method Date Date

Cadmium ND 1.0 0.0050 m g / L 6010 18 MAR 97 20 MAR 97I r o n 2.4 1.0 0.10 m g / L 6010 18 MAR 97 20 MAR 97Z i n c 1.2 1.0 0.020 m g / L 6010 18 MAR 97 20 MAR 97

ND = Not Detected
Reported By: P a t r i c k C a r r o l ! A p p r o v e d By: Richard P e r s i c h i t t e



D/uanterra
EnvironmentalSen-icesT o t a l M e t a l s

C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : FG0075 (1121)- L a b I D : 054191-0019-SAM a t r i x : AQUEOUS S a m p l e d : 13 MAR 97 Received: 14 MAR 97A u t h o r i z e d : 15 MAR 97 Prepared: See Below A n a l y z e d : See Below
Tes t Prepared A n a l y z e dParameter Result Qua! Dil RL U n i t s Method Date Date

Cadmium 0.043 1.0 0.0050 mg/L 6010 18 MAR 97 20 MAR 97-Iron 36.9 1.0 0.10 mg/L 6010 18 MAR 97 20 MAR 97Z i n c 54.9 1.0 0.020 mg/L 6010 18 MAR 97 20 MAR 97

leported By: P a t r i c k C a r r o l ! Approved By: Richard P e r s i c h i t t e

26



C l i e n t N a m e :C l i e n t I D :L a b I D :M a t r i x :Author i z ed:
Parameter
C a d m i u mI r o nZ i n c

R . A . S . I n c .F60076 ( F 6 - 6 D )054191-0020-SAAQUEOUS15 MAR 97

Result Qual Oil

M e t a l sT o t a l M e t a l s

S a m p l e d : 13 MAR 97P r e p a r e d : See Below

(f^uanterra
Environmental

Services

0.01017.128.2

RL U n i t s
1.0 0.0050 mg/L1.0 0.10 m g / L1.0 0.020 m g / L

Received: 14 MAR 97A n a l y z e d : See Below
Tes t Prepared AnalyzedMethod Date Date

6010 18 MAR 97 20 MAR 976010 18 MAR 97 20 MAR 976010 18 MAR 97 20 MAR 97

Reported By: P a t r i c k C a r r o l 1 A p p r o v e d By: Richard P e r s i c h i t t e



€wuanterra

C l i e n t N a m e :C l i e n t I D :L a b I D :Matrix:Author i z ed:
Parameter
CadmiumIronZ i n c

R . A . S . I n c .FG0077 ( T S - 4 )054191-0021-SAAQUEOUS15 MAR 97
Result Qua! Oil

M e t a l sTota l M e t a l s

S a m p l e d : 13 MAR 97Prepared: See Below

EnvironmentalScrv/ces

N D1.70.57

RL U n i t s
1.0 0.0050 m g / L1.0 0.10 mg/L1.0 0.020 m g / L

Received: 14 MAR 97A n a l y z e d : See Below
T e s t Prepared AnalyzedMethod Date Date

6010 18 MAR 97 20 MAR 976010 18 MAR 97 20 MAR 976010 18 MAR 97 20 MAR 97

ND = Not Detected
Reported By: Patrick Carrol! Approved By: Richard Pers ichi t t e

2E



))uanterra
Environmental

ServicesT o t a l M e t a l s
C l i e n t N a m e : R . A . S . I n c .C l i e n t I D : F G 0 0 7 8 ( S B R F - 3 )Lab ID: 054191-0022-SAM a t r i x : AQUEOUS S a m p l e d : 13 MAR 97 Received: 14 MAR 97A u t h o r i z e d : 15 MAR 97 P r e p a r e d : See Below A n a l y z e d : See Below

Tes t Prepared Analyz edParameter Resu l t Qual Dil RL U n i t s Method Date Date
Cadmium 8.5 50 0.25 m g / L 6010 18 MAR 97 20 MAR 97I r o n 23100 50 5.0 m g / L 6010 18 MAR 97 20 MAR 97Z i n c 3400 50 1.0 m g / L 6010 18 MAR 97 20 MAR 97

Reported By: P a t r i c k C a r r o l ! A p p r o v e d By: Richard P e r s i c h i t t e
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QC LOT ASSIGNMENT REPORTM e t a l s A n a l y s i s and P r e p a r a t i o n

O^uanterra
£nv/ronmenra/

Services

LaboratoryS a m p l e Number
054191054191054191054191054191054191054191'054191'054191-054191-054191-054191-054191-054191-054191-054191-054191-054191-054191-054191-054191-054191-

0001-SA0002-SA0003-SA0004-SA0005-SA0 0 0 6 - S A0007-SA0008-SA0009-SA0010-SA0011-SA0012-SA0013-SA0014-SA0015-SA0016-SA0017-SA0018-SA0019-SA0020-SA0021-SA0022-SA

QC Matr i x
AQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUSAQUEOUS

QC Category
I C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A TI C P - A T

QC Lot Number( D C S ) QC Run Number( S C S / B L A N K )
18 MAR 9 7 - N 218 MAR 9 7 - N 218 MAR 9 7 - N 218 MAR 9 7 - N 218 MAR 9 7 - N 218 MAR 9 7 - N 218 MAR 97-N218 MAR 9 7 - N 218 MAR 9 7 - N 218 MAR 97-N218 MAR 9 7 - N 218 MAR 97-N218 MAR 97-N218 MAR 9 7 - N 218 MAR 9 7 - N 118 MAR 9 7 - N 118 MAR 9 7 - N 118 MAR 97-N118 MAR 9 7 - N 118 MAR 97-N118 MAR 97-N118 MAR 9 7 - N 1

18 MAR 9 7 - N 218 MAR 9 7 - N 218 MAR 9 7 - N 218 MAR 97-N218 MAR 97- N218 MAR 9 7 - N 218 MAR 9 7 - N 218 MAR 9 7 - N 218 MAR 9 7 - N 218 MAR 97-N218 MAR 9 7 - N 218 MAR 97-N218 MAR 9 7 - N 218 MAR 9 7 - N 218 MAR 97- Nl18 MAR 97- Nl18 MAR 9 7 - N 118 MAR 97-N118 MAR 9 7 - N 118 MAR 97-N118 MAR 9 7 - N 118 MAR 9 7 - N 1



LABORATORY CONTROL SAMPLE REPORTM e t a l s A n a l y s i s and P r e p a r a t i o n

(r/)uanterra
EmironmcntalServices

A n a l y t e
Category: I C P - A TM a t r i x : A Q U E O U SQC Lot: 18 MAR 9 7 - N 2Concentration U n i t s : mg/L
A l u m i n u mAntimonyArseni cBariumB e r y l l i u mBoronCadmiumC a l c i u mChromi urnC o b a l tC o p p e rI r o nLeadL i t h i u mMagne s iumManganeseMolybdenumN i c k e lPota s s iumS e l e n i u mS i l v e rSodiumT i nT i t a n i u mV a n a d i u mZ i n c

Concentrat ionS p i k e d Measured AccuracyC*)L C S L i m i t s

QC Run: 18 MAR 9 7 - N 2

2.000.5002.002.000.05001.000.050050.00.2000.5000.2501.000.5001.0050.00.5001.000.50050.02.000.050050.02.001.000.5000.500

2.110.5272.002.06D.04411.48D.050651.10.2010.5300.2501.040.4640.86651.00.5111.000.50449.12.053.050151.52.101.040.5130.505

10510510010388148#101102100106100104938710210210010198103100103105104103101

86-11781-11981-11086-11483-11782-12280-12088-11283-11280-12084-11587-11783-11480-12084-11484-11380-12085-11282-11186-11183-11586-11586-11487-11285-11482-113

# = Recovery o u t s i d e QC L i m i t sC a l c u l a t i o n s are per formed be fore rounding to avoid r o u n d - o f f errors in c a l c u l a t e d re sul t s .



LABORATORY CONTROL SAMPLE REPORTM e t a l s A n a l y s i s and Preparation
Environmental

Services

( c o n t . )

A n a l y t e
Category: I C P - A TMatrix: AQUEOUSQC Lot: 18 MAR 97-N1Concentrat ion U n i t s : m g / L
A l u m i n u mAntimonyArsenicBariumB e r y l l i u mBoronCadmiumC a l c i u mChromiumC o b a l tCopperIronLeadL i t h i u mMagnesiumManganeseMolybdenumN i c k e lPota s s iumS e l e n i u mS i l v e rS o d i u mT i nT i t a n i u mV a n a d i u mZ i n c

Concentrat ionS p i k e d Measured Accuracy^)L C S L i m i t s

QC Run: 18 MAR 97-N1

2.000.5002.002.000.05001.000.050050.00.2000.5000.2501.000.5001.0050.00.5001.000.50050.02.000.050050.02.001.000.5000.500

1.970.5382.002.000.04330.9350.046049.20.2000.5120.2331.000.5150.83848.60.4930.9710.50047.01.930.045449.42.120.9860.4900.499

98108100100879392981001029310010384979997100949791991069998100

86-11781-11981-11086-11483-11782-12280-12088-11283-11280-12084-11587-11783-11480-12084-11484-11380-12085-11282-11186-11183-11586-11586-11487-11285-11482-113

C a l c u l a t i o n s are perfonned be fore rounding to avoid r o u n d - o f f errors in ca l cu la t ed re sul t s .
32



METHOD BLANK REPORTM e t a l s A n a l y s i s and Preparat ion

€jj>uanterra
Environmental

Services

A n a l y t e Result U n i t s R e p o r t i n gLimi t
T e s t : I C P - A TM a t r i x : A Q U E O U SQC Lot: 18 MAR 9 7 - N 2 QC Run: 18 MAR 9 7 - N 2
CadmiumI r o nZinc

m g / Lm g / Lm g / L
0.00500.100.020

T e s t : I C P - A TM a t r i x : AQUEOUSQC Lot: 18 MAR 9 7 - N 1 QC Run: 18 MAR 9 7 - N 1
Cadmium J j D .Iron N D

Z l S N D
m g / Lm g / Lm g / L

0.00500.100.020



QPuanterra
EnvironmentalSen-ices

M A T R I X S P I K E / M A T R I X S P I K E D U P L I C A T E Q C R E P O R TM e t a l s A n a l y s i s and P r e p a r a t i o nProjec t: 054191
Category:Matr i x:S a m p l e :MS Run:U n i t s :

I C P - A TAQUEOUS054191-001418 MAR 9 7 - N 2m g / L

I C P M e t a l s / T o t a l

A n a l y t e
A l u m i n u mAntimonyArsenicBariumBeryl l i umBoronCadmi urnC a l c i u mChromi urnCobal tCopperIronLeadL i t h i u mMagnesiumManganeseMolybdenumNicke lPotas s iumS e l e n i u mS i l v e rS o d i u mS t r o n t i u mT h a l l i u mT i nT i t a n i u mVanadi urnZ i n c

Concentrat ion
S a m p l eResult

NDNOHA0.019NDNAND30.8NDN DNDNDNANA3.70.018NANDNDNANDNDNANANANAND0.55

MSResult
2.090.543NA2.080.0479NA0.056082.00.2050.5290.2531.08NANA55.50.531NA0.50350.1NA0.049453.7NANANANA0.5141.04

MSDResult
2.080.539NA2.030.0474NA0.055980.60.2010.5210.2511.05NANA54.20.518NA0.49949.1NA0.048452.9NANANANA0.5081.02

Amount * Recov. RPDS p i k e d Recovery Accep. RPD AcceptMS
2.000.5002.002.00

MSD
2.000.5002.002.000.05000.05001.00 1.000.05000.050050.00.2000.5000.2501.000.5001.0050.00.5001.000.50050.02.00

50.00.2000.5000.2501.000.5001.0050.00.5001.000.50050.02.000.05000.050050.01.002.002.001.000.5000.500

50.01.002.002.001.000.5000.500

MS MSD Limi t s MS-MSD L i m i t s
104109NC10396NC112102103106101108NCNC104103NC101100N C99107NCNCN CNC10399

104108NC10195NC112100101104100105NCNC101100N C10098NC97106NCNCN CNC10296

86-11781-11981-11086-11483-11782-12280-12088-11283-11280-12084-11587-11783-11480-12084-11484-11380-12085-11282-11186-11183-11586-11580-12080-12086-11487-11285-11482-113

0.40.7NC2.21.1NC0.11.82.01.41.12.7NCNC2.42.5NC0.92.0NC2.01.5NCNCNCNC1.21.4

10101010101017101010101015101010101010101010202010101010

NA = Not A p p l i c a b l eNC - Not C a l c u l a t e d , c a l c u l a t i o n not a p p l i c a b l e .ND = Not Detected
C a l c u l a t i o n s are per formed be fore f o u n d i n g to avoid r o u n d - o f f errors in c a l c u l a t e d re sul t s .



EnvironmentalServices

A T R I X S P I K E / M A T R I X S P I K E D U P L I C A T E Q C R E P O R TM e t a l s A n a l y s i s and P r e p a r a t i o nP r o j e c t : 054191 ( c o n t . )
Category: I C P - A T I C P M e t a l s / T o t a lM a t r i x :S a m p l e :MS Run:U n i t s :

AQUEOUS054123-000218 MAR 97-N1m g / L

A n a l y t e
A l u m i n u mAntimonyArsenicBariumB e r y l l i u mBoronCadmiumCalc iumChromiumCoba l tCopperIron' e a dit hi urnriagnesiumManganeseMolybdenumN i c k e lPotas s iumS e l e n i u mS i l v e rS o d i u mStront iumT h a l l i u mT i nT i t a n i u mV a n a d i u mZ i n c

Concentration
S a m p l eResult

NANANA0.042NANANDNANDNDNA0.89NANANANANANANANAN DNANANANANANA0.050

MSResult
NANANA2.06NANA0.0458NA0.1990.522NA1.86NANANANANANANANA0.0463NANANANANANA0.531

MSDResult
NANANA2.05NANA0.0461NA0.2020.519NA1.76NANANANANANANANA0.0492NANANANANANA0.524

Amount * Recov. RPDS p i k e d Recovery Accep. RPD AcceptMS
2.000.5002.002.00

M S D
2.000.5002.002.000.05000.05001.00 1.000.05000.050050.00.2000.5000.2501.000.5001.0050.00.5001.000.50050.02.00

50.00.2000.5000.2501.000.5001.0050.00.5001.000.50050.02.000.05000.050050.01.002.002.001.000.5000.500

50.01.002.002.001.000.5000.500

M S M S D L i m i t s M S - M S D L i m i t s
NCNCNC101NCNC92NC100104NC97N CN CN CN CNCN CNCNC93NCNCNCNCNCNC96

N CNCN C100NCN C92N C101104NC87N CNCN CNCNCN CNCNC98NCNCNCNCNCN C95

86-11781-11981-11086-11483-11782-12280-12088-11283-11280-12084-11587-11783-11480-12084-11484-11380-12085-11282-11186-11183-11586-11580-12080-12086-11487-11285-11482-113

N CNCNC0.6NCNC0.5NC1.40.6NC5.6NCNCNCNCNCN CN CNC6.1N CN CN CN CNCN C1.2

10101010101017101010101015101010101010101010202010101010

NA = Not A p p l i c a b l eNC = Not C a l c u l a t e d , c a l c u l a t i o n no t a p p l i c a b l e .ND = Not Detected
C a l c u l a t i o n s are per formed be fore rounding to avoid r o u n d - o f f errors in c a l c u l a t e d r e su l t s .
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Chain of Custody (jfitanterraRecord
QUA-4 124-1
Client ,, __

Address - j

City State

Project Name

Contract/Purchase Order/Quote No.

Zip Code^m^L

Protect MarMjor ,.*

Telephone Number (Area CorJej/Ftix Number * /

Site Contact lab Cbnlacl

Carrier/Waybill NumberM/hf
Sample I.D. No. and Description

(Containers tor each sample may be combined on one line)

f& oos'6 C 1*1 <*> "9 )F G O O S 7 ( / V . s / ? f J - 3 )
F6COS~$ ( / * f r J Y 6 )
F ^ O O S ^ ( WUJ-z.)
F 6 0 O 6 0 'C^tuJ -3)
F < S 0 0 6 |
F 6 0 0 6 2 . (]wu) -It )
F 6 0 O b 3 ( M J - V 3 J
F&00&4 ( F 6 - t C )
F G O O f e S " C 1^05^

F G O O f c f c ( P C G c s )
Possible Hatard Identification
[^Non-Hazard LJ Flammable U SWn frrifanl
7urn Around Time Required

LJ 24 Hours LJ 48 Hours LD 7 Days L~J

Date

3 / / 2 / 9 V
3 / / 2 - / 7 ^ 7
^ / / 2 / 7 7
3 / / 2 / f >

3 / / 2 / 9 ' 7
S / / i / ? V
3 / / 2 / ? ^

^/ / ^/? r 73 / t e / 7 ^
^ j i s l ? ' ;
3 /S ^7
3 I 3 | < } ' 7

Time

/ w f

)/sur
/ 5 ' 3 0faon
/ / ; s o

/ 7 3 S "
/ 3 t / 5 'o^jis""
H/0

\ _ 1 Poison B \ _ 1 Unknown

14 Days l ^ 2 / D a y s L J o i r i e r
). Relinquished Bv .̂  ^

2. Relinquished By /

3. Relinquished fly

Matrix

J
X

t

I §

Containers &Preservativesi s 1X
§ s3 11

Environmenfa/5erv/ces
Oale i .

lab Number

Chain Ol Custody Number58988
Paae 1 of ^~

Analysts (Attach list Ifmore space Is needed)5
$
itiK,
(

t
Sample Disposal
LJ Refurn To CWenl L S o / s p o s a / By tab LJ ^rch/ve For

Date ,3lfh>7
Date '

Dale

Time

7Ym9

T / ' m a

QC Requirements (Specify)
•^fY) f 5c c

y 'i

Special Instructions/Conditions of Receipt

f f - o '
-o2
-f?

c > ' T
•̂ -̂̂  /

*̂ ~d *>

' " " 7
*"*" 0 £•
-6^

- f O
" l l

- / ' >

(A fee may be assessed II samples are retained •Months longer than 3 months)

pre uvtv.y (*~>on~ k. )
1. Received By >^7 >̂ *™^ /

2. Received By ^

3. Received By f

Oa(e T i m e

Dais T / m e

Dale T / m o

C o m m a n f s

iff^TRIBUTION: WHITF • Slavs with tlw Snmpln; CANARY • Roturnocl to Cllant with Report; PINK • Finld Conv



Chain of CustodyRecord Oifanferra
EnvironmentalServices

OUA-4124-1

*""" l ? /}^ TA;C.
Address

City n State Zip Code

Project Name

Contract/Purchase Order/Quote No.
flYTvtf • S oe /*fc. Coo \

Sample I.D. No. and Description
(Containers for each sample may be combined on one line)

uY* s\r\/ f— * /" r r — *~l \1 bOObf C <-t> 1 )
J - 6 0 £ ) e > $ C F & ^ O " )
p-6 OOb*-) \ftl^O"IZ}FGoo*7Q (FG-I)/ r £ o o 7 g C r G > " 9 )
F6OO*7<J C F6-/S]
F 6 ( X > 7 5 ~ ( y / 2 . - 1 )
/ — /" />A\ r~y / ^ / ~ " / " — / P v i/— t> lx v /(O \ r- V? ( o l j y
^60077 ( T-S-^
F 6 0 D 7 B ( S B f c f - 3 3

Protect Manager sjj I

Telephone Number (Area Code)/Fax Number I

Site Contact A,
/7 f£/ f~ 'iOfri$$eu?

tab Conlacl

Carrier/Waybill Number 'U/f

Date

21s
3 J

/ S / 9 7
>3h*7/ 3 i1̂

77
?7

S / / 3 / 9 7
3 / / 3 / 7 1 ?
3 / / 3 / ? 73 / y s h v

^Ml/^7
3 / / 3 / ? 7

Time/ / o ry/a.s"
/ O o o

/s~Y6~
/ 0 - S v S "/ < / V 5 ~
I12.S"| S I ^

(ISO/ ^ t / o

Possible Hazard Idenlilication
^.Non-Hazard D Flammable l~~l SWri frrifanf tl] Po/sort 0 CH Unknown

Matrix

|
X

I i
Containers &Preservatives
|1 1X 9 1 N 2

M°3//V/9f7
eb Nurxber

Chain Ol Custody Number5 6 9 8 9
Page *- of C-,

more space te needed)

1
X

Special Instructions/Conditions of Receipt

~('3
"(4~(<T
-(6-r?

- f t- Z '
-zv

Sample DisposalD i r j i 1 — | ( A f e e m a y 6 9 assessed I f samples a r e retainedReturn To Client ' QQDIsposalByLab \ _ \ArchlveFor Months longer than 3 months)
Turn Around Time Required

CH 24 Hours d 48 Hours EH 7 Days
OC Requirements (Specify)

Comments



[Quanterra
EnvironmentalServices

Quamerra Incorporated
4955 Yarrow Street
Arvada, Colorado 80002
303421-6611 Telephone303 431-7171 Fax

J u n e 24. 1997

M r . A r t M o r r i s s e yR . A . S . . I n c .311 Rock AvenueG o l d e n . CO 80401
Dear M r . M o r r i s s e y :
Enc lo s ed i s the report for t w e n t y - s i x aqueous s a m p l e s received at QuanterraE n v i r o n m e n t a l S e r v i c e s . Denver l a b o r a t o r y on May 31. 1997.
I n c l u d e d w i t h t h e report i s a q u a l i t y control summary.
P l e a s e c a l l i f y o u have a n y q u e s t i o n s .
S i n c e r e l y ,

S u s a n H . M c C o o lP r o j e c t M a n a g e r
E n c l o s u r e s
Quanterra #055475



/ n v o / c e

Q u a n t e r r a E n v i r o n m e n t a l S e r v i c e s4955 Y a r r o w S t r e e tA r v a d a , CO 80002( 3 0 3 ) 4 2 1 - 6 6 1 1(303)431-7171
Q u a n t e r r a , I n c o r p o r a t e dP.O. Box 91501C h i c a g o , I L 606931501

Quanterra
0028121048

Qiianterrn Project Number
R M A L - 0 5 5 4 7 5

T e r m s N E T 3 0 D A Y S
Customer Contact

24 JUN 97
Customer Number

00374328

Bill To:
Art M o r r i s s e yR . A . S . I n c .311 Rock A v e n u eG o l d e n , CO 80401

A r t M o r r i s s e yR . A . S . I n c .311 Rock A v e n u eG o l d e n , CO 80401

nalyst Description

A N A L Y T I C A L S E R V I C E S2 6 A Q U E O U S M e t h o d 6010 - I C P M e t a l s ( T o t a l )
A n a l y t i c a l S e r v i c e s S u b t o t a l
A D D I T I O N A L S E R V I C E SA d d i t i o n a l S e r v i c e s S u b t o t a l

59.00
1534.00

0.00

1534,

F r e n c h G u l c h W a t e r s h e d S t u d y

verbal p e r B i l l " P e d l e r
S u s a n M c C o b l ' BOB WEIBEL

Sub Total
Tax

Total

1 5 3 4 - C



OPuanterra
EnvironmentalServices

A N A L Y T I C A L R E S U L T S
FOR

R . A . S . . I n c .
F R E N C H G U L C H W A T E R S H E A D S T U D Y

Q U A N T E R R A E N V I R O N M E N T A L S E R V I C E S
D E N V E R N O . 055475

J U N E 2 4 , 1997

Reviewed by: S u s a n H . M c C o o l
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T . • , . EnvironmentalI ntroduct i on
T h i s report p r e s e n t s t h e a n a l y t i c a l r e s u l t s a s w e l l a s s u p p o r t i n g I n f o r m a t i o n
to aid in the e v a l u a t i o n and i n t e r p r e t a t i o n of the da ta and is arranged in the
f o l l o w i n g order:

o S a m p l e D e s c r i p t i o n I n f o r m a t i o n
o A n a l y t i c a l T e s t Requests
o A n a l y t i c a l Resul t s

All a n a l y s e s a t Quanterra are p e r f o r m e d so tha t the maximum c o n c e n t r a t i o n of
s a m p l e consistent w i t h the method is a n a l y z e d . D i l u t i o n s are at t imes
required to avo id s a t u r a t i o n of the d e t e c t o r , to a ch i eve l i n e a r i t y for a
s p e c i f i c target c o m p o u n d , or t o reduce m a t r i x i n t e r f e r e n c e s . In t h i s event,
r e p o r t i n g l i m i t s a r e a d j u s t e d p r o p o r t i o n a t e l y .
S a m p l e s 055475-0007, -0017, -0018, -0019, -0021, -0023. and -0026 were
a n a l y z e d at d i l u t i o n s by M e t h o d 6010 to b r i n g the r e s u l t s for targe t a n a l y t e s
w i t h i n t h e l i n e a r c a l i b r a t i o n range o f t h e i n s t r u m e n t . T h e r e p o r t i n g l i m i t s
were raised r e l a t i v e to the d i l u t i o n s required.
T h e s p i k e recoveries were n o t c a l c u l a b l e f o r t o t a l iron i n t h e m a t r i x s p e c i f i c
batch QC (Lot: 06 JUN 97 -LI) due to the e l eva t ed concentration of iron in the
s a m p l e . All other a s s o c i a t e d QC i s in c o n t r o l . Data are r e p o r t e d .
The s p i k e recoveries were no t c a l c u l a b l e f or t o ta l c a d m i u m , i r o n , and zinc in
the m a t r i x s p e c i f i c batch QC (Lot: 11 JUN 97-H1) due to the e l e v a t e d
concentrat ions of these a n a l y t e s in the s a m p l e . All other a s s o c ia t ed QC is in
c o n t r o l . Data are r e p o r t e d .
The s p i k e recoveries for t o ta l iron in the matr ix s p e c i f i c batch QC (Lot: 16
J U N 9 7 - H 5 ) exceed t h e u p p e r l a b o r a t o r y Q C l i m i t s . T h e p r e c i s i o n i s i n control
for the m a t r i x QC and the LCS is in c o n t r o l . M a t r i x i n t e r f e r e n c e is
i n d i c a t e d .
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LEVLs Report Key

EnvironmentalServices

Section
Cover Letter
S a m p l e Description Informat ion

S a m p l e Analysis Results Shee t s
QC LOT Assignment Report

Duplicate Control S a m p l e Report

Laboratory Control S a m p l e Report

Matrix S p i k e / M a t r i x Spike Duplicate Report

Single Control S a m p l e Report
Method Blank Report

Description
Signature page, report narrative as applicable .
Tabulated cross-reference between the Lab ED and
Client ID, including matrix, date and time sampled,
and the date received for all samples in the pro j e c t .
Lists sample results, test components, reporting
limits, dates prepared and analyzed, and any data
qualifiers. Pages are organized by test
Cross-reference between lab IDs and app l i cab l e QC
batches ( D C S , L C S , Blank, MS/SD, DU)
Percent recovery and RPD results, with acceptance
limits, for the laboratory duplicate control samples
for each test are tabulated u f t h i s report. These are
measures of accuracy and precision for each test
Acceptance limits are based upon laboratory
historical data.
Percent recovery results for a single Laboratory
Control S a m p l e (if a p p l i c a b l e ) are tabulated in this
report, with the app l i cab l e acceptance limits for
each test
Percent recovery and RPD results for matrix-
spec i f i c QC samples and acceptance limits, where
applicable . Thi s report can be used to assess matrix
e f f e c t s on an analysis.
A tabulation of the surrogate recoveries for the
blank for organic analyses.
A summary of the results of the analysis of the
method blank for each test.

List of Abbreviations and Terms
Abbreviation

DCS
DU
EB
FB
FD .
IDL
LCS
MB
MDL
MS
RPD
ppm (part-per-
million)
QUAL

Term
Duplicate Control S a m p l e
Sample Duplicate
Equipment Blank
F i e l d Blank
Field Duplicate
Instrument Detection Limit
(Metals)
Laboratory Control S a m p l e
Method Blank
Method Detection Limit
Matrix S p i k e
Relative Percent D i f f e r e n c e
mg/L or mg/kg (usual ly)
Qualifier f l a g

Abbreviation
M S D
QCRun
QC Category
QCLot
ND
QC Matrix
RL
QC
SA
SD
TB
ppb (part-per-
billion)
DEL

Term
Matrix Spike Duplicate
Preparation Batch
LEMs QC Category
DCS Batch
Not Detected at or above the
reporting limit expressed
Matrix of the laboratory
control sample(s)
Reporting Limit
Quality Control
S a m p l e
Spike Duplicate
T r i p Blank
ug/L or u g / k g (usual ly)
Dilution Factor

N:\ffORD\KEPKErJXX
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EnvironmentalServicesS a m p l e D e s c r i p t i o n

T h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n l i s t s a l l o f t h e s a m p l e s received i n t h i s
p r o j e c t t o g e t h e r w i t h t h e i n t e r n a l l a b o r a t o r y i d e n t i f i c a t i o n number a s s i g n e d
f o r each s a m p l e . Each p r o j e c t received a t Q u a n t e r r a ' s Denver l a b o r a t o r y i s
a s s igned a unique s ix d i g i t number. S a m p l e s w i t h i n the p r o j e c t are numbered
s e q u e n t i a l l y . T h e l a b o r a t o r y i d e n t i f i c a t i o n number i s a c o m b i n a t i o n o f t h e
s i x d i g i t p r o j e c t code and the s a m p l e sequence number.
A l s o g iv en i n t h e S a m p l e D e s c r i p t i o n I n f o r m a t i o n i s t h e S a m p l e T y p e ( m a t r i x ) ,
Date of Sampling (if known) and Date o f Receipt at the laboratory.
A n a l y t i c a l T e s t Requests
The A n a l y t i c a l T e s t Requests l i s t s the a n a l y s e s that were p e r f o r m e d on each
s a m p l e . The Cus tom T e s t co lumn i n d i c a t e s where t e s t s have been m o d i f i e d t o
c o n f o r m t o t h e s p e c i f i c requirements o f t h i s p r o j e c t .



S A M P L E D E S C R I P T I O N I N F O R M A T I O N
f o r

R . A . S . I n c .

Lab ID Client I D M a t r i x S a m p l e d Received
Date T i m e Date

0 5 5 4 7 5 - 0 0 0 1 - S A
0 5 5 4 7 5 - 0 0 0 2 - S A
0 5 5 4 7 5 - 0 0 0 3 - S A
0 5 5 4 7 5 - 0 0 0 4 - S A
0 5 5 4 7 5 - 0 0 0 5 - S A
0 5 5 4 7 5 - 0 0 0 6 - S A
0 5 5 4 7 5 - 0 0 0 7 - S A
0 5 5 4 7 5 - 0 0 0 8 - S A
0 5 5 4 7 5 - 0 0 0 9 - S A
0 5 5 4 7 5 - 0 0 1 0 - S A
0 5 5 4 7 5 - 0 0 1 1 - S A
0 5 5 4 7 5 - 0 0 1 2 - S A
0 5 5 4 7 5 - 0 0 1 3 - S A
0 5 5 4 7 5 - 0 0 1 4 - S A
0 5 5 4 7 5 - 0 0 1 5 - S A
0 5 5 4 7 5 - 0 0 1 6 - S A
0 5 5 4 7 5 - 0 0 1 7 - S A
0 5 5 4 7 5 - 0 0 1 8 - S A
0 5 5 4 7 5 - 0 0 1 9 - S A
0 5 5 4 7 5 - 0 0 2 0 - S A
0 5 5 4 7 5 - 0 0 2 1 - S A
0 5 5 4 7 5 - 0 0 2 2 - S A
0 5 5 4 7 5 - 0 0 2 3 - S A
0 5 5 4 7 5 - 0 0 2 4 - S A
0 5 5 4 7 5 - 0 0 2 5 - S A
0 5 5 4 7 5 - 0 0 2 6 - S A

F G 0 0 8 2
F G 0 0 8 4
F G 0 0 8 5
F G 0 0 8 6
F G 0 0 8 7
F G 0 0 8 8
F G 0 0 8 9
F G 0 0 9 0
F G 0 0 9 1
F G 0 0 9 2
F G 0 0 9 3
F G 0 0 9 6
F G 0 0 9 7
F G 0 0 9 8
F G 0 0 9 9
F G 0 1 0 0
F G 0 1 0 1
F G 0 1 0 2
F G 0 1 0 3
F G 0 1 0 4
F G 0 1 0 5
F G 0 1 0 6
F G 0 1 0 7
F G 0 1 0 8
F G 0 1 0 9
F G 0 1 1 0

( F G - 9 ) S T R E A M
( F G - 7 ) S T R E A M
( F G - 8 ) S T R E A M
(1121 S E E P )
( U S G S T S - 4 ) S T R E A M
( F G - 6 D S E E P )
( F G - 6 C S E E P )
( F C ® C B S T R E A M )

• ( U S G S F 6 - 1 5 I N F L O W )
( K D S - S P R I N G )
( F G - 1 S T R E A M )
( M W - 1 2 G R O U N D W A T E R }
( M W - 1 4 G R O U N D W A T E R )
( M W - 9 G R O D N D W A T E R )
( M W - 1 1 G R O U N D W A T E R )
( O R O S H A F T M I N E W A T E R )
{WRO-1 G R O U N D W A T E R )
( S E R F - 3 G R O U N D W A T E R )
( M W - 1 6 G R O U N D W A T E R )
( # 3 M I N E S H A F T M I N E W A T E
( S E E P )
( M W - 1 3 G R O U N D W A T E R )
( W T L - 0 2 G R O U N D W A T E R )

( M W - 2 G R O U N D W A T E R )
( M W - 3 G R O U N D W A T E R )

AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS

29
29
29
29
29
29
29
29
29
29
29
29
30
30
30
30
30
30
30
30
30
30-
30
30
30
30

MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY

97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97

10
10
11
11
12
13
13
13
14
14
14
15
09
10
10
11
11
12
13
13
13
14
14
15
15
15

:15
:45
:15
:45
:00
:00
:15
:45
:00
:00
:45
:30
:40
:10
:35
:05
:20
:40
:10
:25
:45
-.15
:30
:10
:20
:50

31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY

97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
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A N A L Y T I C A L T E S T R E Q U E S T S Page 1 o f 1
f o r

R . A . S . I n c .

Lab ID: Group Custom
055475 Code A n a l y s i s Des cr ip t i on T e s t ?

0001 - 0026 A ICP M e t a l s ( T o t a l ) - Y
Prep - T o t a l M e t a l s , ICP N



uanterra
• 1 _ m « i r \ T _ IA n a l y t i c a l R e s u l t s

T h e a n a l y t i c a l r e s u l t s f o r t h i s p r o j e c t a r e pre s en t ed i n t h e f o l l o w i n g d a t a
t a b l e s . Each d a t a t a b l e i n c l u d e s s a m p l e i d e n t i f i c a t i o n i n f o r m a t i o n , a n d when
a v a i l a b l e a n d a p p r o p r i a t e , d a t e s s a m p l e d , r e c e i v ed , a u t h o r i z e d , p r e p a r e d a n d
a n a l y z e d . The a u t h o r i z a t i o n d a t e i s the da t e when the p r o j e c t was d e f i n e d by
the c l i e n t such tha t l a b o r a t o r y work c o u l d b e g i n .
Data sheet s c o n t a i n a l i s t i n g o f the p a r a m e t e r s measured in each t e s t , the
a n a l y t i c a l r e s u l t s a n d t h e Quanterra r e p o r t i n g l i m i t . R e p o r t i n g l i m i t s a r e
a d j u s t e d t o r e f l e c t d i l u t i o n o f t h e s a m p l e , when a p p r o p r i a t e .
T h e r e s u l t s f r o m t h e S t a n d a r d Quanterra Q A / Q C P r o g r a m , w h i c h generate s d a t a
whi ch ar e i n d e p e n d e n t o f m a t r i x e f f e c t s , a r e p r o v i d e d s u b s e q u e n t l y .



M e t a l s
T o t a l M e t a l s

J l i e n t Name:
Cli en t I D :

"Lab ID:
Matrix:A u t h o r i z e d :

Parameter
-Cadmium

IronZinc

R . A . S . I n c .
P G 0 0 8 2 ( F G - 9 ) S T R E A M
0 5 5 4 7 5 - 0 0 0 1 - S A

AQUEOUS
03 JUN 97

Result Qual Dil

S a m p l e d : 29 MAY 97Prepared: See Below
Received:. 31 MAY 97
A n a l y z e d : See Below

RL Unit s
0.0086
0.34
2.7

1.0
1.0
1.0

0.0050 m g / L
0.10 m g / L
0.020 m g / L

T e s t
Method
6010
6010
6010

Prepared
Date

Analyzed
Date

06 JDN 97 09 JUN 97
06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97

__ Reported By: M i c h e l l e Walker Approved By: Lyle Ryman



M e t a l sT o t a l M e t a l s
..-.lent Name:

Client I D :
L a b I D :
Matrix:
A u t h o r i z e d :

Parameter
Cadmium
Iron
Zinc

R . A . S . I n c .
F G 0 0 8 4 ( F G - 7 ) S T R E A M
0 5 5 4 7 5 - 0 0 0 2 - S A
AQUEOUS
03 JUN 97

Result Qual Dil

S a m p l e d : 29 MAY 97Prepared: See Below

RL U n i t s
0.011
0.53
4.3

1.0
1.0
1.0

0.0050 m g / L
0.10 m g / L
0.020 m g / L

Received: 31 MAY 97
A n a l y z e d : S e e Below

T e s t Prepared A n a l y z e d
Method Date Date
5010 06 JUN 97 09 JUN 97
6010 06 JUN 97 09 JUN 97
6010 06 JUN 97 09 JUN 97

Reported By: M i c h e l l e W a l k e r Approved By. L y l e Ryman
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M e t a l s

T o t a l M e t a l s
lent Name:

lient I D :
-isab ID:
Matrix:uthorized:

Parameter
_admium
Iron"inc

R . A . S . I n c .
F G 0 0 8 5 ( F G - 8 ) S T R E A M
0 5 5 4 7 5 - 0 0 0 3 - S A

AQUEOUS
03 JUN 97

Result Qual Dil

S a m p l e d : 29 MAY 97
Prepared: See Below

Received: 31 MAY 97
Analyzed: See Below

RL U n i t s
ND

0.19
0.85

1.0
1.0
1.0

0.0050 m g / L
0.10 m g / L
0.020 m g / L

T e s t
Method
6010
6010
6010

Prepared
Date A n a l y z e d

Date
06 JUN 97 09 JUN 97
06 JDN 97 09 JUN 97
06 JUN 97 09 JUN 97

= Not Detec t ed

Reported By: M i c h e l l e Walker Approved By: Lyle Ryman

10
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M e t a l sT o t a l M e t a l s

~iient N a m e :
Clien t I D :
Lab ID:Matrix:
A u t h o r i z e d :

Parameter
Cadmium
Iron
Zinc

R . A . S . I n c .
F G 0 0 8 6 (1121 S E E P )
0 5 5 4 7 5 - 0 0 0 4 - S A

AQUEOUS
03 JUN 97

Result Qual Dil
0.060
2.0

27.8
1.0
1.0
1.0

S a m p l e d : 29 MAY 97Prepared: See Below
Received: 31 MAY 97
A n a l y z e d : See Below

RL U n i t s
0.0050 m g / L
0.10 m g / L
0.020 m g / L

T e s t
Method
6010
6010
6010

Prepared
Date A n a l y z e d

Date
06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97

Reported By: M i c h e l l e W a l k e r Approved By: L y l e Ryman
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M e t a l s

T o t a l M e t a l s
.lient Name: R . A . S . I n c .
Client I D : F G 0 0 8 7 ( U S G S T S - 4 ) S T R E A M

-^uab I D : 0 5 5 4 7 5 - 0 0 0 5 - S AM a t r i x : AQUEOUS ' S a m p l e d : 29 MAY 97 Received: 31 MAY 97
authorised: 03 JUN 97 Prepared: See Below A n a l y z e d : See Below

— T e s t Prepared A n a l y z e d
Parameter Result Qual Dil RL Uni t s Method Date Date

0 0064 1.0 0.0050 mg/L 6010 06 JUN 97 09 JUN 97
-Iron 0 ] 4 2 1.0 0.10 mg/L 6010 06 JUN 97 09 JUN 97
zinc ^g !.0 0.020 mg/L 6010 06 JUN 97 09 JUN 97

Reported By: M i c h e l l e W a l k e r A p p r o v e d By: Lyl e Ryman

12



M e t a l s
T o t a l M e t a l s

.ient Name:
Cl i en t I D :
Lab ID:Matrix:
Authorized:

Parameter
CadmiumIron
Zinc

R . A . S . I n c .
F G 0 0 8 8 ( F G - 6 D S E E P )
0 5 5 4 7 5 - 0 0 0 6 - S A

AQUEOUS
03 JON 57

Result Qual Dil

S a m p l e d : 29 MAY 97
Prepared: See Below Received: 31 MAY 97Analyz ed: See Below

RL U n i t s
0.0097
4.4

12.9
1.0
1.0
1.0

0.0050 m g / L
0.10 m g / L
0.020 m g / L

T e s t
Method
5010
60106010

Prepared
Date

A n a l y z e d
Date

06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97

Reported By: M i c h e l l e W a l k e r A p p r o v e d By: L y l e Ryman

1-
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M e t a l s

T o t a l M e t a l s
_ient Name:I l i e n t I D :

-̂ ab ID:
Matrix:A u t h o r i z e d :

Parameter
J a d m i u m"iron

R . A . S . I n c .
F G 0 0 8 9 ( F G - 6 C S E E P )
0 5 5 4 7 5 - 0 0 0 7 - S A

AQUEOUS
03 JUN 97

Result Qual Dil

S a m p l e d : 29 MAY 97Prepared: See Below
Received: 31 MAY 97A n a l y z e d : See Below

0.12
236
234

5.0
5.0
5.0

RL
0.025
0.50
0.10

Unit s
m g / L
m g / L
m g / L

T e s t
Method
6010
6010
6010

Prepared
Date

A n a l y z e d
Date

06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97

Reported By: M i c h e l l e W a l k e r Approved By: Lyl e Ryman

14
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M e t a l s

T o t a l M e t a l s
. _ent N a m e :
:iient ID:
j a b I D :M a t r i x :A u t h o r i z e d :

Parameter
!admiumIron

Zinc

R . A . S . I n c .
F G 0 0 9 0 ( F C O C B S T R E A M )
0 5 5 4 7 5 - 0 0 0 8 - S A

AQUEOUS
03 JUN 97

Result Qual Oil

S a m p l e d : 29 MAY 97Prepared: See Below Received: 31 MAY 97A n a l y z e d : See Below

RL U n i t s
ND

0.62
0.56

1.0
1.0
1.0

0.0050 m g / L
0.10 m g / L
0.020 m g / L

T e s t
Method
6010
6010
6010

Prepared
Date A n a l y z e d

Date
06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97

= Not Detec t ed

Report ed By: M i c h e l l e W a l k e r A p p r o v e d By: L y l e Ryman



M e t a l sT o t a l M e t a l s

&)uanterra
j F . ' n v . : r c i ; j n . v m ; ! /

..ient Name:
Lient I D :

_ab ID:
M a t r i x :" i thorized:

Parameter
.idmiumIron

Zinc

R . A . S . I n c .
F G 0 0 9 1 ( U S G S F 6 - 1 5 I N F L O W )
0 5 5 4 7 5 - 0 0 0 9 - S A

AQUEOUS S a m p l e d : 29 MAY 9703 JUN 97 Prepared: See Below
Received: 31 MAY 97Analyzed: See Below

Result Qual Dil RL U n i t s
0.16
4.6

32.1
1.0
1.0
1.0

0.0050 m g / L
0.10 mg/L
0.020 mg/L

T e s t
Method
6010
6010
6010

Prepared
Date A n a l y z e d

Date
06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97

2ported By: M i c h e l l e W a l k e r Approved By: Lyle Ryman

16
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M e t a l s

T o t a l M e t a l s
. S V r w u ' . s

_lient N a m e :
Client I D :
L a b I D :M a t r i x :A u t h o r i z e d :

Parameter
CadmiumIronZinc

R . A . S . I n c .
F G 0 0 9 2
0 5 5 4 7 5 - 0 0 1 0 - S A

AQUEOUS
03 JUN 97

Result Qual Dil

S a m p l e d : 29 MAY 97
Prepared: See Below Received: 31 MAY 97A n a l y z e d : See Below

RL U n i t s
0.16
4.3

32.0
1.0
1.0
1.0

0.0050 m g / L
0.10 m g / L
0.020 m g / L

T e s t
Method
6010
6010
6010

Prepared
Date A n a l y z e d

Date
06 JUN 97 09 JUN 97^
06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97

Reported By: M i c h e l l e W a l k e r Approved By: L y l e Ryman
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M e t a l sT o t a l M e t a l s

.̂ient N a m e :
lient ID:

-_ab ID:Matr i x:
' uthorized:

Parameter
admiumTron

Zinc

R . A . S . I n c .
F G 0 0 9 3 ( K D S - S P R I N G )
0 5 5 4 7 5 - 0 0 1 1 - S A
AQUEOUS
03 JUN 97

Result Qual Dil

S a m p l e d : 29 MAY 97Prepared: See Below
Received: 31 MAY 97Analyzed: See Below

RL Unit s
0.022
0.95

10.5
1.0
1.0
1.0

0.0050 m g / L
0.10 m g / L
0.020 m g / L

T e s t
Method
6010
6010
6010

Prepared
Date

A n a l y z e d
Date

06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97

reported By: M i c h e l l e W a l k e r Approved By: L y l e Ryman
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M e t a l s
T o t a l M e t a l s

Knvimiimcuta!

_ient N a m e :
Client I D :
Lab ID:Matr ix:
A u t h o r i z e d :

Parameter
CadmiumIronZinc

R . A . S . I n c .
F G 0 0 9 6 ( F G - 1 S T R E A M )
0 5 5 4 7 5 - 0 0 1 2 - S A

AQUEOUS
03 JUN 97

Resul t Qual Dil

S a m p l e d : 29 MAY 97Prepar ed: See Below Received: 31 MAY 97A n a l y z e d : S e e Below

RL U n i t s
ND
ND

0.057
1.0
1.0
1.0

0.0050 m g / L
0.10 m g / L
0.020 m g / L

T e s t
M e t h o d
6010
6010
6010

Prepared
Date

Analyzed
Date

06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97
06 JUN 97 09 JUN 97

ND = Not Detected

Reported By: M i c h e l l e W a l k e r Approved By: Lyl e Ryman



'"uanterra
M e t a l s _ S V ; u V f . s

T o t a l M e t a l s
.j.ient N a m e : R . A . S . I n c .
!lient I D : F G 0 0 9 7 ( M W - 1 2 G R O U N D W A T E R )

-uab ID: 0 5 5 4 7 5 - 0 0 1 3 - S AM a t r i x : AQUEOUS S a m p l e d : 30 MAY 97 Received: 31 MAY 97
uithorized: 03 JUN 97 Prepared: See Below A n a l y z e d : See Below

T e s t Prepared A n a l y z e d
Parameter Result Qual Dil RL U n i t s M e t h o d . Date Date

_:admium ND 1.0 0.0050 m g / L 6010 06 JUN 97 09 JUN 97
Iron 2.6 1.0 0.10 m g / L 6010 06 JUN 97 09 JUN 97

0.40 1.0 0.020 m g / L 6010 06 JUN 97 09 JUN 97

= Not Detec ted

Reported By: M i c h e l l e W a l k e r Approved By: L y l e Ryman
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M e t a l sT o t a l M e t a l s
.j.ient N a m e :

C l i e n t I D :
.Lab ID:
Matr i x:Author i z ed:

Parameter
Cadmium
IronZinc

R . A . S . I n c .
F G 0 0 9 8 ( M W - 1 4 G R O U N D W A T E R )
0 5 5 4 7 5 - 0 0 1 4 - S A
AQUEOUS S a m p l e d : 30 MAY 9703 JUN 97 P r e p a r e d : See Below Received: 31 MAY 97A n a l y z e d : S e e Below

Resul t Qual Dil RL U n i t s
ND
19.4

6.7
1.0
1.0
1.0

0.0050 m g / L
0.10 m g / L
0.020 m g / L

T e s t
Method
6010
6010
6010

Prepared
Date A n a l y z e d

Date
11 JUN 97 16 JUN 97
11 JUN 97 16 JUN 97
11 JUN 97 16 JUN 97

= Not Detec t ed

Reported By: M i c h e l l e W a l k e r A p p r o v e d By: L y l e Ryman



(IPuanterra

Client Name:
Client I D :
Lab ID:
M a t r i x :
A u t h o r i z e d :

Parameter
CadmiumIron
Zinc

M e t a l sT o t a l M e t a l s
R . A . S . I n c .
F G 0 0 9 9 ( M W - 9 G R O U N D W A T E R )
0 5 5 4 7 5 - 0 0 1 5 - S A

AQUEOUS S a m p l e d : 30 MAY 9703 JUN 97 Prepared: See Below

Result Qual Dil
ND
ND

0.072
1.0
1.0
1.0

RL U n i t s
0.0050 m g / L
0.10 m g / L
0.020 m g / L

Received: 31 MAY 97
A n a l y z e d : See Below

T e s t Prepared A n a l y z e d
Method Date Date
6010 11 JUN 97 16 JUN 97
6010 11 JUN 97 16 JUN 97
6010 11 JUN 97 16 JUN 97

ND = Not Dete c t ed

Reported By: M i c h e l l e W a l k e r A p p r o v e d By: L y l e Ryman



client N a m e :
Client I D :
Lab ID:
M a t r i x :
A u t h o r i z e d :

Parameter
Cadmium
IronZinc

^uanterra
M e t a l sT o t a l M e t a l s

R . A . S . I n c .
F G 0 1 0 0 ( M W - 1 1 G R O U N D W A T E R )
0 5 5 4 7 5 - 0 0 1 6 - S A

AQUEOUS S a m p l e d : 30 MAY 9703 JUN 97 Prepared: See Below

Resul t Qual Dil
0.076

ND
8.5

1.0
1.0
1.0

RL U n i t s
0.0050 m g / L
0.10 m g / L
0.020 m g / L

Received: 31 MAY 97A n a l y z e d : S e e Below
T e s t Prepared A n a l y z e d

M e t h o d Date Date
6010 11 JUN 97 16 JUN 97
6010 11 JUN 97 16 JUN 97
6010 11 JUN 97 16 JUN 97

ND = Not Detec t ed

Reported By: M i c h e l l e W a l k e r Approved By: Lyl e Ryman



jPuanterra
M e t a l sT o t a l M e t a l s

Scr: /;•<

j.ent Name:
lent I D :

I D :
Matrix:
? thor ized:

Parameter
dmiumIronZinc

R . A . S . I n c .
F G 0 1 0 1 (ORO S H A F T M I N E W A T E R )
0 5 5 4 7 5 - 0 0 1 7 - S A

AQUEOUS S a m p l e d : 30 MAY 97
03 JUN 97 Prepared: See Below

Received: 31 MAY 97A n a l y z e d : See Below

Result Qual Oil
0.76

20.0
135

2.0
2.0
2.0

RL
0.010
0.20

.0.040

U n i t s
m g / L
m g / L
m g / L

T e s t
Method
6010
60106010

PreparedDate Analyzed
Date

11 JUN 97 16 JUN 97
11 JUN 97 16 JUN 97
11 JUN 97 16 JUN 97

ported By: M i c h e l l e W a l k e r A p p r o v e d By: L y l e Ryman
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.
M e t a l s Scn-iiv*T o t a l M e t a l s

.ent N a m e : R . A . S . I n c .
:lient I D : F G 0 1 0 2 ( W R O - 1 G R O U N D W A T E R )
,ab ID: 0 5 5 4 7 5 - 0 0 1 8 - S A

Matr ix: AQUEOUS S a m p l e d : 30 MAY 97 Received: 31 MAY 97
Authorized: 03 JUN 97 Prepared: See Below Analyzed: See Below

T e s t Prepared A n a l y z e d
Parameter Result Qual Dil RL U n i t s M e t h o d Date Date
Cadmium 14.5 50 0.25 m g / L 6010 11 JUN 97 16 JUN 97

xron 1260 50 5.0 m g / L 6010 11 JUN 97 16 JUN 97
Zinc 2750 50 1.0 m g / L 6010 11 JUN 97 16 JUN 97

eported By: M i c h e l l e W a l k e r Approved By: Lyl e Ryman

25.



M e t a l sT o t a l M e t a l s

€j))uanterrat̂e
j.ient N a m e :
lient I D :

-aab ID:
Matrix:uthorized:

Parameter
_admiumIron

R . A . S . I n c .
F G 0 1 0 3 ( S E R F - 3 G R O U N D W A T E R )
0 5 5 4 7 5 - 0 0 1 9 - S A
AQUEOUS S a m p l e d : 30 MAY 9703 JUN 97 Prepared: See Below

Received: 31 MAY 97
Analyzed: See Below

Result Qual Dil
14.2

3240
3180

100
100
100

RL
0.50

10.0
2.0

U n i t s
m g / L
m g / L
m g / L

T e s t
Method
6010
6010
6010

Prepared
Date

A n a l y z e d
Date

11 JUN 97 16 JUN 97
11 JUN 97 16 JUN 97
11 JUN 97 16 JUN 97

eported By: M i c h e l l e W a l k e r A p p r o v e d By: Lyl e Ryman
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M e t a l sT o t a l M e t a l s
,Srrv;c v<

N a m e :Cli en t I D :
L a b I D :
M a t r i x :
A u t h o r i z e d :

Parameter
CadmiumI r o nZinc

R . A . S . I n c .
F G 0 1 0 4 ( M W - 1 6 G R O U N D W A T E R )
0 5 5 4 7 5 - 0 0 2 0 - S A
AQUEOUS S a m p l e d : 30 MAY 97
03 JUN 97 Prepared: See Below

Received: 31 MAY 97
A n a l y z e d : See Below

Result Qual Dil RL U n i t s
0.057

80.6
87.6

1.0
1.0
1.0

0.0050 m g / L
0.10 . m g / L
0.020 m g / L

T e s t
Method
6010
6010
6010

Prepared
Date

A n a l y z e d
Date

11 JUN 97 16 JUN 97
11 JUN 97 16 JUN 97
11 JUN 97 16 JUN 97

Reported By: M i c h e l l e W a l k e r A p p r o v e d By: L y l e Ryman



M e t a l sT o t a l M e t a l s

(rvuanterra
S i T ' . l ' , (

j l i e n t Name:
Client I D :

-Lab ID:
Matrix:Author i z ed:

Parameter

R . A . S . I n c .
F G 0 1 0 5 ( # 3 M I N E S H A F T M I N E W A T E R )
0 5 5 4 7 5 - 0 0 2 1 - S A

AQUEOUS S a m p l e d : 30 MAY 9703 JUN 97 Prepared: See Below
Received: 31 MAY 97
A n a l y z e d : See Below

Result Qual Dil

IronZinc
0.41

148
192

2.0
2.0
2.0

RL
0.010
0.20
0.040

U n i t s
m g / L
m g / L
m g / L

T e s t
Method
6010
6010
6010

PreparedDate A n a l y z e d
Date

11 JUN 97 16 JUN 97
11 JUN 97 16 JUN 97
11 JUN 97 16 JUN 97

Reported By: M i c h e l l e W a l k e r Approved By: L y l e Ryman
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M e t a l sT o t a l M e t a l s
_j.ient N a m e :
Cli en t I D :
L a b I D :
M a t r i x :
A u t h o r i z e d :

Parameter
Cadmium
IronZinc

R . A . S . I n c .
F G 0 1 0 6 ( S E E P )
0 5 5 4 7 5 - 0 0 2 2 - S A

AQUEOUS
03 JUN 97

Result Qual Dil

S a m p l e d : 30 MAY 97
Prepared: See Below Received: 31 MAY 97

A n a l y z e d : See Below

RL U n i t s
0.079
0.75

20.8
1.0
1.0
1.0

0.0050 m g / L
0.10 m g / L
0.020 m g / L

T e s t
Method
6010
6010
6010

Prepared
Date A n a l y z e d

Date
11 JUN 97 16 JUN 97
11 JUN 97 16 JUN 97
11 JUN 97 16 JUN 97

Reported By: M i c h e l l e W a l k e r Approved By: Lyl e Ryman



tuanterra
T o t a l M e t a l s

-lient Name: R . A . S . Inc.
Client I D : F G 0 1 0 7 ( M W - 1 3 G R O U N D W A T E R )
L a b I D : 0 5 5 4 7 5 - 0 0 2 3 - S AMatrix: AQUEOUS S a m p l e d : 30 MAY 97 Received: 31 MAY 97
A u t h o r i z e d : 03 JUN 97 Prepared: See Below A n a l y z e d : See Below

T e s t Prepared A n a l y z e d
Parameter Result Qual Dil RL Uni t s Method Date Date
Cadmium 4.8 20 0.10 m g / L 6010 16 JUN 97 17 JUN 97
Iron 14.6 20 2.0 m g / L 6010 16 JUN 97 17 JUN 97
Zinc 1280 20 0.40 m g / L 6010 16 JUN 97 17 JUN 97

Reported By: M i c h e l l e W a l k e r Approved By: Lyle Ryman



J l i e n t Name:
Client I D :
Lab ID:
M a t r i x :
A u t h o r i z e d :

Parameter
Cadmium
Iron
Zinc

M e t a l sT o t a l M e t a l s
R . A . S . I n c .
F G 0 1 0 8 ( W T L - 0 2 G R O U N D W A T E R }
0 5 5 4 7 5 - 0 0 2 4 - S A

AQUEOUS S a m p l e d : 30 MAY 97
03 JUN 97 . Prepared: See Below

anterra
l-~»\-iroiintcr.!:)l

Received: 31 MAY 97
A n a l y z e d : See Below

Result Qual Dil RL U n i t s
0.011

86.7
86.8

1.0
1.0
1.0

0.0050 m g / L
0.10 m g / L
0.020 m g / L

T e s t
Method
6010
6010
6010

Prepared
Date

A n a l y z e d
Date

16 JUN 97 17 JUN 97
16 JUN 97 17 JUN 97
16 JUN 97 17 JUN 97

Reported By: M i c h e l l e W a l k e r Approved By: L y l e Ryman



$))uanterra
M e t a l s S < T . ; , , . X

T o t a l M e t a l s
lient Name: R . A . S . I n c .
lient I D : F G 0 1 0 9 ( M W - 2 G R O U N D W A T E R )

ûab ID: 0 5 5 4 7 5 - 0 0 2 5 - S AMatrix: AQUEOUS S a m p l e d : 30 MAY 97 Received: 31 MAY 97uthorized: 03 JUN 97 Prepared: See Below A n a l y z e d : See Below
T e s t Prepared A n a l y z e d

Parameter Result Qual Dil RL U n i t s M e t h o d Date Date
...admium ND 1.0 0.0050 m g / L 6010 16 JUN 97 17 JUN 97
Iron 168 1.0 0.10 m g / L 6010 16 JUN 97 17 JUN 97
"inc 14.9 1.0 0.020 m g / L 6010 16 JUN 97 17 JUN 97

-rJD = Not Detec ted

Reported By: M i c h e l l e W a l k e r Approved By: L y l e Ryman
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anterra

_lient N a m e :
Cli en t I D :
L a b I D :M a t r i x :
A u t h o r i z e d :

Parameter
Cadmium
Iron
Zinc

M e t a l s
T o t a l M e t a l s

R . A . S . I n c .
F G 0 1 1 0 ( M W - 3 G R O U N D W A T E R )
0 5 5 4 7 5 - 0 0 2 6 - S A

AQUEOUS S a m p l e d : 30 MAY 97
03 JUN 97 P r e p a r e d : See Below

Received: 31 MAY 97
A n a l y z e d : See Below

Result Qual Dil
0.26

351
325

5.0
5.0
5.0

RL
0.025
0.50
0.10

U n i t s
m g / L
m g / L
m g / L

T e s t
Method
6010
6010
6010

Prepared
Date

A n a l y z e d
Date

16 JDN 97 17 JUN 97,
16 JUN 97 17 JUN 97
16 JDN 97 17 JUN 97

Reported By: M i c h e l l e W a l k e r A p p r o v e d By: Lyl e Ryman



QC LOT ASSIGNMENT REPORT
M e t a l s Analys i s and Preparation

rj))uanterra
St'f i ii

Laboratory
S a m p l e Number QC M a t r i x QC Category QC Lot Number( D C S ) .

QC Run Number
( S C S / B L A N K )

055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475
055475

- 0 0 0 1 - S A
- 0 0 0 2 - S A
- 0 0 0 3 - S A
- 0 0 0 4 - S A
- 0 0 0 5 - S A
- 0 0 0 6 - S A
- 0 0 0 7 - S A
- 0 0 0 8 - S A
- 0 0 0 9 - S A
- 0 0 1 0 - S A
-0011-SA
- 0 0 1 2 - S A
- 0 0 1 3 - S A
-0014-SA
- 0 0 1 5 - S A
- 0 0 1 6 - S A
- 0 0 1 7 - S A
- 0 0 1 B - S A
- 0 0 1 9 - S A
- 0 0 2 0 - S A
- 0 0 2 1 - S A
- 0 0 2 2 - S A
- 0 0 2 3 - S A
- 0 0 2 4 - S A
- 0 0 2 5 - S A
- 0 0 2 6 - S A

AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS
AQUEOUS

I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T
I C P - A T

OS
06
06
06
06
06
06
06
06
06
06
06
06
11
11
11
11
11
11
11
11
11
16
16
16-
16

J U N
J U N
J U N
JDN
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N

97-L1
97-L1
97-L1
97-L1
97-L1
97-L1
97-L1
97-L1
97-L1
97-L1
97-L1
97-L1
-97-L1
97-H1
9 7 - H 1
9 7 -HI
9 7 - H 1
9 7 -HI
97 -HI
9 7 - H 1
9 7 - H 1
97 -HI
9 7 - H 5
9 7 - H 5
9 7 - H 5
9 7 - H 5

06
06
06
06
06
06
06
06
06
06
06
06
06
11
11
11
11
11
11
11
11
11
16
16
16
16

J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N
J U N

9 7 -LI
97-L1
97-L1
9 7 -LI
97-L1
97-L1
97-L1
97-L1
97-L1
97-L1
97-L1
97-L1
97-L1
9 7 -HI
9 7 -HI
9 7 -HI
9 7 - H 1
9 7 - H 1
9 7 - H 1
9 7 - H 1
9 7 -HI
97 -HI
9 7 - H 5
9 7 - H 5
9 7 - H 5
9 7 - H 5

34



LABORATORY CONTROL S A M P L E REPORT
M e t a l s A n a l y s i s and Prepara t i on

A n a l y t e
Category: I C P - A T
M a t r i x : AQUEOUS
QC L o t : 06 JUN 97-L1Concentration U n i t s : m g / L
Aluminum
Antimony
ArsenicBariumBeryll ium
BoronCadmiumCalciumChromiumCobalt
C o p p e rIronLead
LithiumMagnesiumManganeseMolybdenum
N i c k e lPotas s iumSel en ium
S i l v e r
Sodium
Tin
T i t a n i u m
Vanadium
Zinc

Concentrat ion
S p i k e d Measured

QC Run: 06 JUN 9 7 - L I

A c c u r a c y ( % )
L C S L i m i t s

2.00
0.500

2.00
2.00

0.0500
1.00

0.0500
50.0

0.200
0.500
0.250

1.00
0.500

1.00
50.0

0.500
1.00

0.500
50.0
2.00

0.0500
50.0
2.00
1.00

0.500
0.500

1.82
0.480

1.78
1.78

0.0454
0.907

0.0504
46.3

0.182
0.464
0.222
0.932
0.449
0.877

46.8
0.447
0.916
0.473

47.2
1.87

0.0438 -
44.7
1.93

0.884
0.450
0.457

91
96
89
89
91
91

101
93
91
93
89
93
90
88
94
89
92
95
94
94
88
89
96
88
90
91

86-117
81-119
81-110
86-114
83-117
82-122
80-120
88-112
83-112
80-120
84-115
87-117
83-114
80-120
84-114
84-113
80-120
85-112
82-111
86-111
83-115
86-115
86-114
87-112
85-114
82-113

C a l c u l a t i o n s are p e r f o r m e d b e f o r e rounding to avoid r o u n d - o f f errors in c a l c u l a t e d r e su l tr



LABORATORY CONTROL S A M P L E REPORT
M e t a l s A n a l y s i s and Preparat ion ( c o n t . )

Analyte
Category: I C P - A T
Matrix: AQUEOUS
QC L o t : 11 JUN 9 7 - H I
Concentration U n i t s : m g / L
Aluminum
AntimonyArsenicBarium
Beryllium
BoronCadmium
Calcium
ChromiumCobaltCopperIron
LeadLithiumMagnesiumManganese
MolybdenumN i c k e lPotass ium
S e l e n i u mS i l v e r
SodiumT i nT i t a n i u m
Vanadium
Zinc

Concentration
S p i k e d Measured

QC Run: 11 JUN 9 7 - H 1

A c c u r a c y ( % )
L C S Limi t s

2.00
0.500

2.00
2.00

0.0500
1.00

0.0500
50.0

0.200
0.500
0.250

1.00
0.500

1.00
50.0

0.500
1.00

0.500
50.0
2.00

0.0500
50.0
2.00
1.00

0.500
0.500

2.16
0.550

2.09
.2.11

0.0490
1.07

0.0448
52.5

, 0.207
0 .532
0.249

1.06
0.524
0 . 9 5 9

54.4
0.520

1.04
0.527

50.2
2.07

0.0521 -
51.5
2.17
1.05

0.522
0 . 5 2 8

108
110
104
106

98
107

90
105
104
106
100
106
105

96
109
104
104
105
100
103
104
103
109
105
104
106

86-117
81-119
81-110
86-114
83-117
82-122
80-120
88-112
83-112
80-120
84-115
87-117
83-114
80-120
84-114
84-113
80-120
85-112
82-111
86-111
83-115
86-115
86-114
87-112
85-114
82-113

C a l c u l a t i o n s are p e r f o r m e d b e f o r e rounding to avoid r o u n d - o f f errors in ca l cu la t ed r e s u l t s



LABORATORY C O N T R O L S A M P L E REPORT
M e t a l s A n a l y s i s and Prepara t i on ( c o n t . )

A n a l y t e
Category: I C P - A T
M a t r i x : AQUEOUS
QC Lot: 16 JUN 9 7 - H 5Concentrat ion U n i t s : m g / L
Aluminum
Antimony
Arsenic
Barium
Beryll ium
Boron
CadmiumCalciumChromium
Cobal t
C o p p e rIron
Lead
Lithium
MagnesiumManganese
MolybdenumNicke lPota s s ium
Selen iumS i l v e r
S o d i u m
T i n
T i t a n i u m
Vanadium
Zinc

Concentration
S p i k e d Measured

QC Run: 16 JUN 9 7 - H 5

A c c u r a c y ( % )
L C S L i m i t s

2.00
0.500

2.00
2.00

0.0500
1.00

0.0500
50.0

0.200
0.500
0.250

1.00
0.500

1.00
50.0

0.500
1.00

0.500
50.0
2.00

0.0500
50.0
2.00
1.00

0.500
0.500

NA
NA
NA

2.09
NA
NA

0.0487
NA

0.205
NA
NA

1.02
NA
NA
NA
NA
NA
NA
NA
NA

0.0522 -
NA
NA
NA
NA

0.503

N C
N C
NC

105
N C
N C
97
NC

103 -
NC
NC

102
NC
NC
NC
NC
NC
NC
NC
NC

104
NC
NC
N C
N C

101

86-117
81-119
81-110
86-114
83-117
82-122
80-120
88-112
83-112
80-120
84-115
87-117
83-114
80-120
84-114
84-113
80-120
85-112
82-111
86-111
83-115
86-115
86-114
87-112
85-114
82-113

NA = Not A p p l i c a b l eNC = Not C a l c u l a t e d , ca l cu la t i on not a p p l i c a b l e .Cal cu la t i on s are p e r f o r m e d b e f o r e rounding to avoid r o u n d - o f f errors in calculated re sul t s .



M E T H O D BLANK REPORTM e t a l s A n a l y s i s and Preparat ion

Analy t e Result U n i t s
Repor t ing

Limit

T e s t : I C P - A T
M a t r i x : AQUEOUS
QC L o t : 06 JUN 97-L1
Cadmium
Iron
Zinc

QC Run: 06 JUN 97-L1
ND
ND
ND

m g / L
m g / L
m g / L

0.0050
0.10

0.020

T e s t : I C P - A TMatr ix: AQUEOUS
QC L o t : 11 JUN 97-H1
Cadmium
Iron
Zinc

QC Run: 11 JUN 9 7 - H I
ND
ND
ND

m g / L
m g / L
m g / L

0.0050
0.10

0.020

T e s t : I C P - A T
Matrix: AQUEOUS
QC Lot: 16 JUN 9 7 - H 5
Cadmium
IronZinc

QC Run: 16 JUN 9 7 - H 5
ND
ND
ND

m g / L
m g / L
m g / L -

0.0050
0.10

0.020
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T R I X S P I K E / M A T R I X S P I K E D U P L I C A T E Q C REPORT
..itals A n a l y s i s and Prepara t i on

P r o j e c t : 055475
Category: I C P - A T I C P M e t a l s / T o t a l
M a t r i x :
S a m p l e :
MS Run:
U n i t s :

AQUEOUS
0 5 5 3 7 9 - 0 0 0 3
06 JUN 97-L1

m g / L

A n a l y t e
Aluminum
Antimony
ArsenicBarium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobal tC o p p e r
Iron
T,ead

thiutn
.agnesium

Manganese
Molybdenum
N i c k e lPotas s ium
Sel en iumS i l v e rSodium
Stron t ium
T h a l l i u m
T i n'•'. T i t a n i u mVanadium
Zinc

Concentrat ion
S a m p l e
Result

NA
NA
NA
NA •
NA
NA
ND
NA
NA
NA
NA

12.7
ND
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

0.020

MS
Result

NA
NA
NA
NA
NA
NA

0.0514
NA
NA
NA
NA

13.5
0.454

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

0.467

M S D
Result

NA
NA
NA
NA
NA
NA

0.0502
NA
NA
NA
NA

13.5
0.468

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

0.472

Amount % Recov. RPD
S p i k e d Recovery A c c e p . RPD A c c e p t

M S M S D M S M S D L i m i t s M S - M S D L i m i t s
2.00 2.00

0.500 0.500
2.00 2.00
2.00 2.00

0 . 0 5 0 0 0 . 0 5 0 0
1.00 1.00

0 .05000 .0500
50.0 50.0

0.200 0.200
0.500 0.500
0.250 0.250

1.00 1.00
0.500 0.500

1.00 1.00
50.0 50.0

0.500 0.500
1.00 1.00 -

0.500 0.500
50.0 50.0
2.00 2.00

0 . 0 5 0 0 0 . 0 5 0 0
50.0 50.0
1.00 1.00
2.00 2.00
2,00 2.00
1.00 1.00

0.500 0.500
0.500 0.500

_ NC
N C
N C
NC
NC
NC

103
NC
NC
NC
NC
NC
91
NC
NC
NC
NC
NC
NC
NC
NC
N C
N C
N C
N C
N C
NC
89

NC
NC
NC
NC
NC
NC

100
NC
NC
NC
NC
NC
94

NC
N C
N C
N C
NC
N C
NC
NC
NC
NC
NC
NC
NC
NC
90

86-117
81-119
81-110
86-114
83-117
82-122
80-120
88-112
83-112
80-120
84-115
87-117
83-114
80-120
84-114
84-113
80-120
85-112
82-111
86-111
83-115
86-115
80-120
80-120
86-114
87-112
85-114
82-113

N C
NC
NC
N C
N C
NC

2.4
NC
NC
NC
NC
NC

3.0
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

1.0

10
10
10
10-
10
10
17
10"
10
10
10̂
10
15
10
10-
10
10
1C10-
10
10
10
20~
20
1C
1C-
10
1C

NA = Not A p p l i c a b l eNC = Not C a l c u l a t e d , c a l c u l a t i o n not a p p l i c a b l e .
ND = Not Detec t ed
C a l c u l a t i o n s are p e r f o r m e d b e f o r e rounding to avoid r o u n d - o f f errors in c a l c u l a t e d r e s u l t s .



" T R I X S P I K E / M A T R I X S P I K E D U P L I C A T E Q C REPORT
cals A n a l y s i s and Prepara t i on

r e j e c t : 055475 ( c o n t . )
Category: I C P - A T I C P M e t a l s / T o t a l

ampl e :
wo Run:
U n i t s :

l a ly t e
Aluminum

AQUEOUS
055475-0021
11 JUN 9 7 - H I
m g / L

rsenici.-̂ ariumBeryllium
admiumcalciumChromiumobalt_3pperIronLead

._ .gnesiumManganese"olybdenum
Lckel-rotassiumSeleniumilver
odium

sFtront iumT h a l l i u m
in_ itanium

Vanadium"inc "

Concentrat ion
S a m p l e
Result

2.9
NA
NA
NA
NA
NA

0.41
338

NA
NA
NA

148
NA
NA

115
43.1

NA
0.13
2.8

NA
0.00021

27.8
NA
NA
NA
NA
NA

192

MS
Result

5.20
NA
NA
NA

, NA
NA

0.467
390

NA
NA
NA

148
NA
NA

173
43.3

NA
0.683

54.6
NA

0.0561
82.3

NA
NA
NA
NA
NA

190

MSD
Result
5.05

NA
NA
NA
NA
NA

0.446
380
NA
NA
NA
145
NA
NA
169

42.3
NA

0.660
53.3

NA
0.0573

78.8
NA
NA
NA
NA
NA
186

Amount % Recov. RPD
S p i k e d Recovery Accep. RPD Accept

MS
2.00

0.500
2.00
2.00

MSD MS MSD Limi t s MS - M S D L i m i t s
2.00

0.500
2.00
2.00

0.05000.0500
1.00 1.00

0.05000.0500
50.0

0.200
0.500
0.250

1.00
0.500

1.00
50.0

0.500
1.00

0.500
50.0
2.00

50.0
0.200
0.500
0.250

1.00
0.500

1.00
50.0

0.500
1.00 -

0.500
50.0
2.00

0.05000.0500
50.0
1.00
2. 00
2.00
1.00

0.500
0.500

50.0
1.00
2.00
2.00
1.00

0.500
0.500

_112
NC
NC
N C
N C
NC
N C
NC
NC
NC
NC
NC
NC
NC

116
NC
NC

111
104

NC
112
109

NC
NC
NC
NC
NC
NC

105
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

108
NC
NC

107
101

NC
114
102

NC
NC
NC
NC
NC
NC

86-117
81-119
81-110
86-114
83-117
82-122
80-120
88-112
83-112
80-120
84-115
87-117
83-114
80-120
84-114
84-113
80-120
85-112
82-111
86-111
83-115
86-115
80-120
80-120
86-114
87-112
85-114
82-113

2.8
NC
NC
NC
NC
NC
N C
NC
NC
NC
NC
NC
NC
N C

2.3
NC
NC

3.4
2.5

NC
2.1
4.4

NC
NC
NC
NC
NC
NC

10
10
10
10
10
10
17
10
10
10
10
10
15
10
10
10
10
10
10
10
10
10
20
20
10
10
10
10

NA = Not A p p l i c a b l ewe = Not C a l c u l a t e d , c a l c u l a t i o n not a p p l i c a b l e .
— a l c u l a t i o n s are p e r f o r m e d b e f o r e rounding to avoid r o u n d - o f f errors in ca l cu la t ed r e su l t s .
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T R I X S P I K E / M A T R I X S P I K E D U P L I C A T E Q C REPORT
..etals A n a l y s i s and Preparat ion
P r o j e c t : 055475 ( c o n t . )
Category: I C P - A T I C P M e t a l s / T o t a l
Matrix:S a m p l e :
MS Run:
U n i t s :

AQUEOUS
055426-0005
16 JUN 9 7 - H 5
m g / L

A n a l y t e
AluminumAntimonyArsenicBariumBeryll ium
BoronCadmiumCalcium
Chromium
Cobalt
C o p p e rIronT e a d

thium,-«agnesium
Manganese
Molybdenum
N i c k e lPotas s ium
SeleniumS i l v e r
Sodium
Stront iumT h a l l i u mT i n
Titanium
Vanadium
Zinc

Cone ent ra t i on
S a m p l e
Result

ND
NA
NA

0.025 .
ND
NA
ND

64.3
ND
NA
NA
ND
NA
NA

17.4
ND
NA
ND
ND
NA
ND

227
NA
NA
NA
NA
NA
ND

MS
Result

5.14
NA
NA

2.19
0.0498

NA
0.0478

132
0.210

NA
NA

6.49
NA
NA

75.9
1.02

NA
0.524

5 9 . 9
NA

0.0308
286

NA
NA
NA
NA
NA

0.557

M S D
Result
5.22

NA
NA

2.15
0.0490

NA
0.0478

129
0.209

NA
NA

6.43
NA
NA

74.4
1.00

NA
0.525
58.1

NA
0.0505

278
NA
NA
NA
NA
NA

0.548

Amount % Recov. RPD
S p i k e d Recovery A c c e p . RPD A c c e p t

MS
2.00

0.500
2.00
2.00

MSD MS MSD L i m i t s MS -MSD L i m i t s
2.00

0.500
2.00
2.00

,0 .05000 .0500
1.00 1.00

0.05000.0500
50.0

0.200
0.500
0.250

1.00
0.500

1.00
50.0

0.500
1.00

0.500
50.0
2.00

50.0
0.200
0.500
0.250

1.00
0.500

1.00
50.0

0.500
1.00 -

0.500
50.0
2.00

0 . 0 5 0 0 0 . 0 5 0 0
50.0
1.00
2.00
2.00
1.00

0.500
0.500

50.0
1.00
2.00
2.00
1.00

0.500
0.500

_257
NC
NC

108
100

N C
96

135
105

NC
NC

649
N C
N C

117
204

NC
105
120

NC
62

NC
NC
NC
NC
NC
N C

111

261
NC
NC

106
98

NC
96

130
104

NC
NC

643
N C
NC

114
' 2 0 0

NC
105
116

N C
101

NC
NC
NC
NC
NC
N C

110

86-117
81-119
81-110
86-114
83-117
82-122
80-120
88-112
83-112
80-120
84-115
87-117
83-114
80-120
84-114
84-113
80-120
85-112
82-111
86-111
83-115
86-115
80-120
80-120
86-114
87-112
85-114
82-113

1.5
NC
NC

1.7
1.6

NC
0.0
2.1
0.6

NC
NC

0.8
NC
NC

2.0
1.8

NC
0.1
3.0

NC
49
N C
NC
NC
NC
NC
NC

1.6

10
10
10
10--
10
10
17
10~~
10
10
10__
10
15
1C
1C—
10
1C
1C10—
10
1CI t
20
20
1(
1L_
10in

NA = Not A p p l i c a b l eNC = Not C a l c u l a t e d , c a l cu la t i on not a p p l i c a b l e .
ND = Not Det e c t ed
ca l cu la t i on s are p e r f o r m e d b e f o r e rounding to avoid r o u n d - o f f errors in c a l c u l a t e d r e su l t s .



vnain orCustody Record EnvironmentalServices
O U A 4 1 2 4
Client Project Manager Dale , i•f/si/t'r Chain Of Custody Number?7211
Address -̂3 1 1 / C o c / \ Telephone Number (Area Code)/Fax Numberber (Area Code)/Fax Number7 & 8 - / 0 V s r / 9 0 6 - 2 0 ? Lab Number

Page / of
City S / a t e Zip Code S/te Contact
Project Name _ cH Carrier/Waybill Number

Contract/Purchase Order/Quota No.McG.
Sample ID. No. and Description Date 77me Sample Type TotalVolume Containers

Type No. Preservative Condition on Receipt

Analysis
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ii
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r a o O Q f l sv.e.f>) H 11
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H
i f U II

0013 It tl nC F G - / t(
/ - g f l O ' r V Cwto-tl ait

/ 1 t( n
tl / f n

Spec/a/ Instructions

Possible Hazard Identification
\y\Non-Hazard LJ Flammable [J Skin Irritant LJ Poison B LJ Unknown

Sample Disposal
L J Refum T o C f f e n f f e p o s a / By tab LJ A rchlve For Months

Turn Around Time Required
^.Normal LJ f l u s h

Comments

DISTRIBUTION: WHITE • Stays with Sample; CANARY • Returned to Client with Report: PINK • Field Copy



Chain ofCustody Record uanterra
Q U A - 4 1 2 4

EnvironmentalServices

Client Project Manager Date

Lab Number

Chain Ol Custody Numberstody Number2 f 2 1 0Address AA Telephone Number (Area Code)/Fax Number
Of

City
0 L \0& r^J

StateCO Zip Code Site Contact

Project Name Carrier/Waybill Number

Contract/Purchase Order/Quote No.Cool
Sample I.D. No. and Description Date Time Sample Type TotalVolume Containers

Type No. Preservative Condition on Receipt

Analysis

/ - 6 O / O / II 10 UJfrTK. /^/ r MO n n
1410 tl11

P 6 O / E H T t * . ? / ^ H 11 KHlf I'- =2? -tl(130 ll K tl t(wo H n
I&O t(

K M t\ tl

Special Instructions

Possible Hazard Identification
^.Non-Hazard ^Flammable LJ Shin Irritant LJ Poison B LJ Unknown

Turn Around Time Required
Qfl Normal LJ Rush

1. ReliMjuiShedS!^^ j/~J \

2. Relinquished By /

3. Relinquished By

QC Level
H i . D / / . D / / » .

Date .

Date '

Date

Time• 0,t/£fa^
Time

Time

Sample Disposal
I _ I Return To Client I _ I Disposal By Lab I _ I Archive For Months

Project Specific (Specify)
1 R^^^^.1_A-^--/'/ yyy^^-i___— J^^\/^yf^T/ C/[/'/v'fli i

2. Received By

3. Received By

$</1?Date*

Date

Time/<;^rTime

Time

Comments

'• WHITE • £'<ii« tivlth'Somnl/f CANA.nv. nolurno'1 in Went w'>h "«DOrf; P'wc - ^/e/rf Cnm'I 1 I 1 f I f
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